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INTRODUCTION 
Relatively little is known about the origins, types, 
quantities, and infectiveness of viruses that occur in foods. 
The relationships between the amounts and kinds of bacterial 
and viral contamination and the roles that viruses play in 
food poisoning also are relatively obscure, with a few excep­
tions such as poliomyelitis and hepatitis. The technology 
involved in the isolation and identification of many kinds of 
bacteria in foods has been well established. Comparable 
technology for the study of food-borne viruses, however, is 
very young, and many techniques need further development and 
standardization. 
Bacteria are relatively easy to isolate because they 
can be grown on artificial media; most can be identified by 
relatively simple biochemical tests. Viruses, however, re­
quire a suitable living host in order to multiply, which 
necessitates the use of live animals or tissue cultures. 
Most viral identification requires the use of relatively 
sophisticated serological techniques, such as neutralization 
tests. These procedures are expensive and can take up to 
several weeks to be accomplished. It would be highly desir­
able to investigate alternate viral isolation and identifi­
cation methods. 
With this goal in mind, this dissertation describes my 
investigation of the use of immuno-electron microscopy with 
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pooled viral antisera to accomplish a reliable and more rapid -
identification of viruses in food samples. Also, as part of 
the preparation of materials for the viral studies, the use 
of glow discharge to adapt plastic culture vessels to permit 
growth of cell cultures was investigated. 
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REVIEW OF LITERATURE 
Types of Viruses in Foods 
The major stumbling block in early attempts to identify 
viruses in foods was the lack of a uniform system for nomen­
clature and classification of viruses in general. A classi­
fication system originally proposed by Lwoff and Tournier 
(47) has now been widely adopted (49). 
According to Jay (31), enteric viruses, which include 
the enteroviruses (polio, Coxsackie groups A and B, and ECHO 
viruses), adenoviruses, and infectious hepatitis viruses, have 
the following characteristics which make them likely candi­
dates for food dissemination: (a) they invade the body via 
the oral route; (b) they reside in the intestinal tract 
for short periods of time; (c) they are excreted in tremen­
dous quantities in the feces; (d) they are disseminated by 
the fecal-oral route; (e) carriers and asymptomatic cases 
involving these viruses far exceed clinical cases; (f) they 
possess high resistance to adverse physical and chemical en­
vironments; and (g) poor personal hygiene and poor sanitary 
conditions favor their dissemination. 
The earliest known cases of viruses transmitted by foods 
were those of poliomyelitis. Oliver (11) summarized informa­
tion available about ten outbreaks of poliomyelitis that took 
place between 1914 and 1949. Most of these cases implicated 
transmission of the viruses through dairy products. More 
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recently, polioviruses have been isolated from ground beef 
purchased from retail markets (70). Other enteroviruses 
have been isolated from ground beef (70) and shellfish (52, 
6 6 ) .  
Foods appear to be a major vehicle of transmission of 
infectious hepatitis. Cliver (10) reviewed 22 food-associ­
ated cases of hepatitis that occurred between 1943 and 1954. 
More recent food-associated cases of hepatitis are reviewed 
by Koff (41). The most common known sources of transmission 
of the virus were through dairy products and shellfish. 
In addition, evidence for the transmission of animal 
entero, adeno, and herpes viruses from their respective hosts 
has been demonstrated (13). 
Reviews covering studies on foods experimentally contam­
inated with viruses include those by Oliver (11,13) and 
Potter (58). 
Detection of Viruses by Direct Methods 
Detection and identification of viruses are accomplished 
by somewhat different means than detection and identification 
of bacteria because of the inability of viruses to replicate 
outside of their hosts. Viruses are generally detected by 
infection of a host organism or a suitable tissue culture; 
identification is usually confirmed by serological procedures. 
The simplest procedure of virus detection is to directly 
inoculate a host or tissue culture with a portion of the 
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sample to be tested. Goodwin et al. (26), for example, 
detected adeno, Coxsackie, ECHO, polio, and herpes viruses in 
stool specimens from patients with diarrhea. Three tissue 
culture systems were directly inoculated with small amounts 
of specimens that were homogenized and then were clarified by 
centrifugation. Antibiotics were added to the cell cultures 
to minimize' bacterial contamination. Similar techniques have 
been used to recover viruses from dairy products. Direct 
plaque assays of raw milk and raw milk products artificially 
contaminated with adeno, herpes, influenza, Newcastle dis­
ease, REO, and simian viruses yielded recoveries of 30 to 
300%; recoveries of over 100% were probably because the in­
ocula were not always monodisperse (69). Cliver (14) artifi­
cially inoculated influenza, vesicular stomatitis, and, polio 
viruses into milk for Cheddar cheesemaking. Viruses were 
successfully recovered by direct testing during each step of 
the cheesemaking. 
Investigations of the recovery of viruses from ground 
beef include those by Sullivan et al. (70), who inoculated 
beef samples with Coxsackievirus. Up to 75% recovery was 
accomplished by shaking samples into slurries, adjusting the 
pH to 8.5, and filtering the slurries through cheese cloth. 
The same procedure used on beef samples purchased from re­
tail markets yielded polio and ECHO viruses. Similar tech­
niques affected recoveries of up to 50% of polioviruses in­
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oculated into ground beef (72). Konowalchuk and Speirs (44) 
investigated the effect of different parameters, such as sam­
ple pH, age, and duration of viral extraction, on artifi­
cially-contaminated beef samples. 
Similar studies have been made on commercial frozen and 
convenience foods inoculated with polio and Coxsackie viruses 
(48), shellfish inoculated with Coxsackievirus (42), and 
West Coast crabs raised in sea water contaminated with polio-
virus (19) and bacteriophage (18). 
Evidence that indicates the transmission of hepatitis 
virus in foods is only presumptive because of the failure to 
isolate the virus and establish its infectivity (79). Only 
one tentative identification of a hepatitis agent, isolated 
from shellfish, has been reported (39). 
Detection of Viruses by Concentration Methods 
Direct testing methods are generally insufficient for 
virus detection in some cases, such as in some "normal" foods 
that have low viral titers, foods that must be diluted to 
separate the viruses from the food particles, and samples 
involving large volumes such as sewage. In these cases, the 
viruses must be concentrated or sample volume reduced. One 
early attempt to concentrate viruses from foods was the use 
of ultracentrifugation by Cliver and Yeatman (16). Polio 
and Coxsackie virus suspensions were centrifuged in tubes 
containing gelatin traps to prevent resuspension of the 
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viruses. Viruses were recovered at very low titers, but the 
recoveries were not especially reproducible. Herrmann and 
Cliver (29,30) developed several methods to separate viruses 
from homogenates of low- and high-protein foods. Samples 
were clarified, dialyzed against polyethylene glycol for 
concentration, and centrifuged to recover the viruses. Gen­
erally, 25 g of food must contain at least 3 to 4 viruses for 
a 50% probability of virus detection by this method. 
Several studies on the interaction of viruses and mem­
brane filters have been made (12,28,54). In general, viruses 
can be adsorbed to many types of membrane filters by the 
addition of aluminum or magnesium salts and by lowering the 
pH. After the sample has passed through the filter, the ad­
sorbed viruses can be eluted into a much smaller volume by 
raising the pH. Membrane filtration techniques have been 
used to successfully isolate enteroviruses from sewage (73) 
and to concentrate enteroviruses from cell lysates (74). 
Membrane techniques for the recovery and removal of viruses 
from large volumes of water have been reviewed (71). 
Efforts to concentrate viruses by ultrafiltration have 
had the common problem of clogging of the ultrafilter by the 
sample. Tierney et al. (72) successfully concentrated polio-
virus from ground beef by ultrafiltration after the sample 
had been prefiltered using membrane filtration. Similar re­
sults with ground beef inoculated with Coxsackievirus were 
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accomplished by using an acid-base treatment of the sample 
prior to ultrafiltration (43). 
Several chemical procedures have been used to concen­
trate viruses. The most prominent of these is the adsorption 
of viruses on polyelectrolytes. Johnson et al. (33) first 
reported the synthesis of insoluble cross-linked copolymers 
of maleic anhydride and their ability to remove up to 100% of 
poliovirus from a pure culture. Wallis et al. (75) first 
reported the use of polyelectrolytes to concentrate viruses 
from sewage and excreta, the basic method being to mix the 
polyelectrolyte with the sample at low pH to adsorb the vi­
ruses, then to remove and resuspend the polyelectrolyte in a 
smaller volume of eluent at high pH to elute the viruses. 
They reported up to 93% recovery of polioviruses inoculated 
into sewage and fecal suspensions, and that viral recovery 
from natural sewage and fecal samples was superior to other 
chemical and filtration recovery techniques. Other reports 
describe the similar use of polyelectrolytes to detect vi­
ruses in sewage and sewage plant effluents (23,27,40); to 
recover poliovirus inoculated into large amounts of natural 
waters (77); to concentrate and purify influenza (75) and 
polio, Coxsackie, ECHO, REO, and adeno viruses (78); and to 
detect enteroviruses in stool specimens (8). Patterson and 
Kalter (56) found that talcum-powder compared favorably with 
a polyelectrolyte in recovering enteroviruses from water. 
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The chemistry of virus concentration by chemical methods 
is discussed by Cookson (17) and other chemical methods such 
as flocculation and precipitation are reviewed by England 
( 2 2 ) .  
The advantages and disadvantages of several of the vari­
ous direct and concentration detection methods^ as well as 
problems common to botl> have been reviewed (13,15). 
Identification of Enteroviruses by Conventional Methods 
The most widely used procedure to identify enterovirus 
isolates from foods as well as routine clinical samples is 
the serum neutralization test. However, other procedures 
such as complement fixation, hemagglutination inhibition, and 
fluorescent antibody tests are available (34,51,62). 
Because of the large number of enterovirus serotypes and 
lack of group antigens, the use of individual antisera was 
normally required to identify each isolate. Thus up to 65 
cell cultures, usually in test tubes, would be required for 
each identification. The introduction of microneutralization 
tests, using multi-well microtitration plates, has signifi­
cantly reduced the time and expense for enterovirus identifi­
cations (51,62). 
Identification of 37 enteroviruses by conventional tube 
neutralization procedures has been facilitated by the availa­
bility of the standardized Lim Benyesh-Melnick enterovirus 
typing pools (50). There are 8 typing pools; antisera to the 
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37 enteroviruses are arranged in these 8 pools so that an 
enterovirus may be identified by observing which pools yield 
positive reactions. Thus, only 8, rather than 37, tube neu­
tralization tests aire needed to identify an enterovirus iso­
late. 
Use of Electron Microscopy in the Detection 
and Identification of Viruses 
The usefulness of electron microscopy for quantitative 
viral counting studies has been established. Sharp (65) 
reviewed methods and. problems associated with the counting of 
particles by electron microscopy. Partially-purified virus 
suspensions have been detected by direct sedimentation onto 
electron microscopy grids (67,68) and by examination of pseu-
doreplicas made from viral pellets (55). Chaudhary and 
Westwood (8) used a polyelectrolyte method to concentrate 
viruses from stool specimens. The viruses were then detected 
by electron microscopy. 
Each of the above techniques involves negative staining 
for electron microscopic visualization of the viruses. Sev­
eral researchers have also used standard fixation, embedding, 
and sectioning procedures for the detection of viruses in 
tissue cultures (20,60) and clinical specimens (63). 
The advent of immuno-electron microscopy (lEM), a proc­
11 
ess by which antigens are reacted with homologous antibodies 
and the resulting complexes are observed by electron micros­
copy, has made possible rapid identification of many viruses. 
The first reports on the observation of virus-antibody com­
plexes include those on influenza (46a) and polio (4), Best 
et al. (5) established positive identification of rubella 
virus by observing viruses complexed with known antiserum; 
the morphological characterization of the virus had been 
questionable until then. Likewise, lEM has helped to confirm 
the morphology of viruses isolated from human renal infec­
tions (25), of virions from progressive multifocal leuko-
encephalopathy (57), of particles associated with acute in­
fectious nonbacterial gastroenteritis (37), and of hepatitis 
antigens (24,53). 
lEM has also been used to study serological cross-reac-
tivities among picornaviruses (7) and +-he detection and iden­
tification of rhinoviruses (35) and coronaviruses (36). 
Anderson and Doane (3) described a serum-in-agar diffusion 
method for the identification of enteroviruses. Other appli­
cations of lEM with viruses are reviewed by Almeida and 
Waterson (2). 
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MATERIALS. AND METHODS 
Use of Bacteriophage to Test Food Virus Recovery Methods 
To test viral recovery methods from foods, it would be 
desirable in respect to time and cost to avoid the use of 
tissue culture techniques in situations where they are not an 
integral part of the recovery procedure, such as in concen­
tration methods. The bacteriophage MS2 is physically and 
chemically similar to enteroviruses. Because of the rela­
tively simple technology involved in detecting and enumer­
ating this bacteriophage, it was chosen to be a test virus in 
the testing of food virus concentration procedures. 
Media for the propagation, isolation, and enumeration of 
bacteriophage MS2.^ 
ADS broth 
tryptone 10.0 g 
KCl 5.0 g 
distilled water 1.0 1 
Autoclave at 121 C for 15 min; cool to less than 55 C. Then 
add 1.0 ml/1 IM CaClg, filter-sterilized. 
1 Ziprin, R. L., Department of Bacteriology, Iowa State 
University, Ames. MS2 procedures. Personal Communication. 
1971. 
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Bottom agar 
tryptone 10.0 g 
KCl 2.5 g 
NaCl 2.5 g 
agar 10.0 g 
distilled water 1.0 1 
Autoclave at 121 C for 15 min; cool to 45-55 C. Then add 
1.0 ml/1 IM CaClg; filter-sterilized. 
Top agar 
tryptone 10.0 g 
yeast extract 1.0 g 
NaCl 8.0 g 
agar 7.0 g 
distilled water 1.0 1 
Autoclave at 121 C for 15 min; cool to 45-55 C. Then add: 
Hi CaClg, filter-sterilized 1.0 ml/1 
10% glucose, filter-sterilized 10.0 ml/1 
MS2 broth 
tryptone 10.0 g 
yeast extract 1.0 g 
NaCl 8.0 g 
distilled water 1.0 1 
Autoclave at 121 C for 15 min; cool to 45-55 C. Then add: 
IM CaClg, filter-sterilized 1.0 ml/1 
10% glucose, filter-sterilized 10.0 ml/1 
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Enriched NS2 broth 
tryptone 10.0 g 
tryptose 
yeast extract 
gelatin 
4.0 g 
1.0 g 
4.0 g 
NaCl 8.0 g 
distilled water 1.0 1 
Autoclave at 121 C for 15 min; cool to less than 55 C. Then 
add 10.0 ml/1 10% glucose, filter-sterilized. 
Tris buffer 
Adjust to pH 7.5. Sterilize by filtration. 
MS2 host 
A lyophilized culture of the MS2 host, Escherichia coli 
C3000, was obtained from Dr. R. L, Ziprin, Department of 
Bacteriology, Iowa State University, Ames, dispersed into 
enriched MS2 broth and incubated at 37 C. After the culture 
had grown into late logarithmic growth, it was streaked on 
plates of bottom agar and incubated at 37 C. Several random 
colonies were then picked and inoculated into enriched MS2 
broth, incubated for 10 h at 37 C, and then stored at 4 C. 
coli C3000 cultures with the greatest sensitivity to 
NaCl O.IM 
tris (hydroxymethyl)-amino methane 0.05M 
ethylenediaminetetraacetic acid (EDTA) O.IM 
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MS2 were chosen, as follows^: Plates containing bottom agar 
were prepared. Approximately 0.3-0.4 ml of a cold E. coli 
C3000 culture was aaaed to about 5 ml of top agar at 43 C. 
Several mixtures, each containing an E. coli C3000 isolate, 
were poured over the top agar plates. After the plates had 
solidified, sterile toothpicks which had been dipped in an 
1452 suspension (supplied by Dr. Ziprin) were streaked down 
the middle of each plate. After incubation for 4 to 5 h at 
37 C, plates with the widest zones of lysis represented the 
most sensitive bacterial cultures. Several sensitive cul­
tures were then maintained by periodic transfer to fresh en­
riched MS2 broth. In addition, cultures were lyophilized for 
future use. 
MS2 propagation 
Stocks of MS2 were prepared by the following procedure^: 
Agar plates seeded with E» coli C3000 were prepared as in the 
above sensitivity test. The plates were streaked thoroughly 
with a sterile toothpick that was dipped in an MS2 suspension. 
After incubation for approximately 12 h at 37 C, the top agar 
layers containing the lysate were collected in a sterile 
beaker by means of a sterile spatula. The plates were then 
rinsed with ADS broth; the rinse being added to the beaker. 
% 
Ziprin, R. L., Personal Communication, 1971. 
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After the volume was adjusted to approximately 180 ml, the 
lysate was homogenized by passage through a syringe equipped 
with an 18- or 20-gauge needle. The homogenate was cleared 
of agar and bacterial debris by centrifugation at 10,400 X g 
for 15 min; after which it was centrifuged at 105,000 X g to 
sediment the viruses. Preparations were resuspended in 3 to 
6 ml of tris buffer and stored at 4 C. 
MS2 titration 
The MS2 virus was enumerated by the following plaque 
assay : Serial 10-fold dilutions of the virus sample were 
made in ADS broth. . Approximately 0.3 to 0.5 ml of a cold 
coli C3000 culture was added to tubes containing 3 to 5 ml 
of top agar held at 46 C. No more than 10 min later, 0.1 ml 
of the MS2 dilutions were added to the tubes, mixed, and 
poured onto plates containing bottom agar. The plates were 
then incubated at 37 C and examined for plaque formation 
after 3 to 5 h. 
Concentration of bacteriophage from ground beef 
Attempts were made to concentrate MS2 bacteriophage from 
artificially-contaminated ground beef using a polyelectrolyte. 
The materials and procedures basically follow those of Wallis 
et al. (75). 
1 Ziprin, R. L., Personal Communication, 1971. 
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Materials 
Polyelectrolyte preparation The polyelectro­
lyte, PE 60 (Monsanto Chemical Co.), is an insoluble cross-
linked copolymer of isobutylene maleic anhydride. It was 
prepared for use by making a 1% suspension in deionized 
water. The suspension was shaken for 30 min and then was 
centrifuged at 500 X g for 5 min. The supernatant was dis­
carded and the sedimented polyelectrolyte was washed two 
more times in distilled water. The final volume of water 
was adjusted to make a 1% suspension which was then stored 
at 4 C. 
Borate buffer 
0.025K sodium borate 50.0 ml 
O.IM HCl 4.6 ml 
The resulting pH was 9.0. 
Glycine buffer 
glycine 6.76 g 
NaOH 0.40 g 
deionized water 1.00 1 
The resulting pH was 8.7. 
Procedure A stock MS2 suspension was titrated and 
then diluted to contain 3 X 10" plaque forming units (pfu) 
per ml. Ground beef was obtained from a local store and 
divided into 25-g units. The beef samples were inoculated 
with 1.0 or 0.1 ml of the MS2 suspension, using disposable 
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1-ml syringes equipped with 26-gauge needles (Becton-
Dickinson 5625). The following ingredients were then homo­
genized for 2 min at top speed in either a Waring Blendor or 
a Sorvall Omni Mixer: 
MS2-contaminated ground beef 25 g 
glycine or borate buffer 100 ml 
MgClg • SHgO 20 g 
bentonite 10 g 
Freon 113 100 ml 
Periodically during homogenization, the samples were cooled 
with an ice bath. Following homogenization, the samples were 
centrifuged at 8000 X g for 30 min. The supernatants were 
then adjusted to pH 5.5 to 5.7 with 4N HCl, 1.5 ml of the 1% 
PE 60 suspension was added to each sample, and the samples 
were stirred at room temperature for 1.5 h. The PE 50 was 
then recovered by filtering samples through Millipore fiber­
glass pre-filter pads or centrifugation at 8000 X g for 10 
min. Each PE 60 sample was resuspended in 5 ml of 10% gamma 
globulin-free fetal calf serum (Gibco 624) in pH 9 borate 
buffer. The samples were shaken for 10 min to elute the 
viruses, centrifuged at 8000 X g for 10 min to remove the PE 
60, and then assayed for MS2. 
The above procedure was also applied to control samples 
consisting of 100 ml of glycine or borate buffer inoculated 
with 0.1 ml of the MS2 suspension containing 3 X 10® pfu/ml. 
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The clarification-homogenization step was omitted. In addi­
tion, one of the final supernatants was assayed for MS2 after 
removal of the PE 60, 
Tissue Culture Procedures 
All tissue culture operations, media preparation, and 
other procedures requiring aseptic techniques were carried 
out in a laminar flow hood (Baker B40001). Sterility in the 
hood was maintained by an air filtration system during use. 
At other times a germicidal lamp was used. 
Cell cultures 
Following the preliminary work with bacteriophage, sev­
eral types of primary, secondary, and continuous vertebrate 
line cell cultures were acquired and maintained for the study 
of viral identification methods. The cell cultures and their 
origins are listed in Table 1. 
Media 
The following medium was initially used to culture HeLa 
and Vero cells^: Eagle's Minimum Essential Medium with 
Earle's salts (Gibco 109G) containing 20% heat-inactivated 
fetal calf serum (Gibco 614HI), 1% nonessential amino acids 
(lOOx)(Gibco 114), 0.5% lactalbumin hydrolysate (10% solu­
tion) (Gibco 164), 1% L-glutamine (lOOx)(Gibco 503), 100 
^Matchett, A., Veterinary Biologies Laboratory, Ames. Cell 
culture procedures. Personal Communication. 1973. 
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Table 1. Cell cultures and their sources. 
Cell culture Type Source 
BHK 21 Continuous line _a 
HeLa Continuous line _a 
Vero Continuous line _a 
Canine kidney Secondary _a 
Embryonic bovine kidney Secondary _a 
Chick embryo fibroblast Primary _b 
Chick embryo lung Primary _b 
Chick embryo lung Secondary _b 
Rhesus monkey kidney Secondary _c 
^Dr. A. Matchett, Veterinary Biologies Laboratory, Ames. 
^M. Sanborn, Dept. of Bacteriology, Iowa. State Univer­
sity, Ames. 
The primary cell suspension was obtained from Micro­
biological Associates; second or third passages were used for 
my experiments. 
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units/ml penicillin G (Lilly 526), and 100 ug/ml streptomycin 
(Lilly 431). The pH was adjusted to neutrality with filter-
sterilized 10% sodium bicarbonate. 
Later in the study, the following quality-assured growth 
medium was adopted for all cell cultures: Eagle's Minimum 
Essential Medium containing Earle's salts, 10% calf serum, 
L-glutamine, penicillin, and streptomycin (BBL Culturstat 
52048). The above medium is packaged in a two-unit con­
tainer, consisting of lyophilized medium and liquid salt so­
lution; the medium and salt solution are combined aseptically 
to form the working medium. In addition, 50 ug/ml of 
Gentamicin (Schering) were also added^. 
On occasions when supplies of the BBL Culturstat medium 
were depleted, an equivalent medium consisting of powdered 
Eagle's Minimum Essential Medium with Earle's salts and L-
glutamine (Gibco F-11), 2.2 g/1 sodium bicarbonate, 10% calf 
serum (Gibco 517), and 50 ug/ml Gentamicin was prepared. 
Cell passage and maintenance 
All cell cultures were grown in monolayers in disposa­
ble, 250-ml flasks (Falcon 3024). When cell density was 
sufficiently thick, as estimated by observation under an in­
verted phase contrast microscope, cultures were passaged as 
follows: The culture flask containing the cell monolayer was 
^Matchett, A., Personal Communication, 1973. 
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thoroughly drained of old medium, after which it was thor­
oughly washed for about 10 seconds with about 5 ml of 
trypsin-EDTA solution (lx)(Gibco 530). The trypsin-EDTA 
was thoroughly drained and the monolayer was rewashed with 
about 5 ml of fresh trypsin-EDTA solution for 10 to 20 sec­
onds and then drained, leaving about 0.5 to 1.0 ml in the 
flask. The flask was sealed and incubated for 2 to 10 min­
utes at the ambient temperature in the laminar flow hood. 
Generally, the temperature in the hood was about 35 C; how­
ever, if it was lower than 30 C, an incubator was used. The 
incubation time for trypsination is dependent on the tempera­
ture, pH, and age of the cultures. During incubation the 
small amount of trypsin-EDTA was swirled across the monolayer 
to keep the cells moist. The cells were ready for suspension 
when some could be seen washing off the plastic surface upon 
agitation of the flask. At this time, the flask was stood on 
end (so the monolayer was vertical) and sharply hit in the 
palm of the hand several times to loosen the cells from the 
plastic surface. Then 8 to 15 ml of fresh medium was poured 
into the flask and the cells were suspended and disaggregated 
by drawing the suspension into a 20-ml glass syringe (Becton 
Dickinson 2443) equipped with an 18-cm long, 14-gauge needle 
(Hamilton N-714) and rapidly discharging it into the flask 
3 times. This procedure also loosened the remainder of the 
cells from the plastic surface. The cell suspension was then 
dispersed into 2 to 4 new flasks, depending on the density of 
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the original cell growth and the desired time until the cells 
grow into confluent monolayers. Finally, more medium was 
added to each new flask to make approximately 15-20 ml/flask. 
Newly-passaged cultures were incubated at 35 to 37 C in 
a Hotpack 35180 incubator; the air circulation fan in the 
incubator was disconnected to minimize contamination. With 
the temperature control set at 37 C, this produced a tempera­
ture gradient of 33 C on the bottom shelf, 35 C on the middle 
shelf, and 37 C on the top shelf. These temperatures re­
mained constant except when the temperature of the room ex­
ceeded 33 C during the summer. At these times, the tempera­
tures within the incubator had to be frequently monitored and 
cultures placed on a lower shelf. 
The pH of the new cultures was adjusted as follows: 
shortly after new cultures were placed in the incubator, the 
caps of the flasks were loosened, the door was sealed, and 
the incubator was flushed for Ito 2 min with CO^ from a tank 
at a pressure of about 5 pounds. The amount of COg used de­
pended on the initial pH of the medium as determined by the 
color of the phenol red indicator. After the gas was shut 
off, the cultures were allowed to equilibrate with the COg 
for 10 to 20 min, the incubator was opened, and the culture-
flask caps were quickly tightened. Generally, newly-prepared 
media had a low enough pH so that gassing with COg was not 
necessary. 
24 
If new cultures were not needed as soon as they became 
confluent, the growth medium was replaced with similar medium 
without serum. Also, cultures were incubated at a lower 
temperature (by placing on a lower shelf in the incubator) 
to retard growth. Generally, a Vero or primary monkey kidney 
culture could be maintained for about a week before requiring 
subculturing . 
All cell cultures except the primary monkey kidney (PHK) 
cells were obtained in monolayer form and were routinely sub-
cultured as described in the previous paragraphs. The PMK 
cells were obtained in suspensions and were cultured into 
monolayers as follows: 10 to 20 ml of a suspension, con­
taining 1 X 10^ viable cells/ml at the time of shipment, were 
added to 250-ml disposable flasks and incubated for 24 h at 
37 C. Relatively few cells would attach because of the large 
amount of debris in the suspension, but enough cells attached 
and started dividing to eventually form a confluent monolayer. 
After the first 24-h incubation period, the suspensions were 
drained into new flasks to allow more cells to attach and 
grow. The first set of flasks was then washed with about 
5 ml of standard growth medium without serum, filled with 15 
to 20 ml of growth medium, and incubated at 37 C. Confluent 
monolayers usually formed after 3 to 7 days. Every 4 days, 
half of the old medium was drained from the flasks and re­
placed with fresh medium. 
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Cell storage 
Since PMK cells can only survive several passages, it 
was necessary to store second- or third-passage cells under 
liquid nitrogen in order to insure availability of cells. 
Cultures of Vero cells were also stored. The following 
freezing and thawing procedures basically follow those rec­
ommended by the American Type Culture Collection (ATCC)(64). 
About 24 h prior to freezing, the medium in the flasks 
containing monolayers to be frozen was completely replaced 
with fresh medium. The next day, the cells were trypsinized 
and resuspended in about 5 ml of growth medium containing 10% 
sterile dimethyl sulfoxide (DMSO). The pH of the medium con­
taining the DMSO previously had been lowered by addition of 
4N HCl until the phenol red indicator became orange. Cell 
suspensions were pooled in a sterile bottle, the cells were 
counted in a Levy chamber, and cell density was adjusted to 
2 to 6 X 10^ cells/ml. The cell suspension was distributed 
in 1-ml amounts into 2-ml lyophil vials (Wheaton 651506) 
which were sealed with a torch. During the sealing opera­
tions, the vials were placed in a wooden rack which had been 
held in a freezer; this protected the cell suspensions from 
the heat during sealing. The sealed vials were transferred 
to metal racks to permit freezing at the appropriate rate, 
labeled by means of a diamond pencil, and placed in a refrig­
erator at 5 C for 30 min to allow time for equilibration of 
the cryoprotective agent. Then the vials were placed in the 
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freezer at -20 C for 30 min; this gave approximately the 
recommended 1 to 3 C/min cooling rate. Finally, the vials 
were stored in a liquid nitrogen refrigerator (Linde XR-16). 
Frozen cell cultures were recovered by thawing in a 37 C 
water bath. 'The vials were rapidly agitated to expedite 
thawing, which was accomplished in about 30 seconds. Fol­
lowing thawing, the vials were immersed in 70% ethanol for 
several minutes and then were transferred to the laminar flow 
hood. Using aseptic technique, each vial v;as opened and the 
contents were poured into 250-ml disposable flasks, one vial 
per flask. At least 20 ml of growth medium were added to 
each flask to sufficiently dilute the DHSO. Flasks were then 
incubated as usual. 
Adaptation of Plastic Surfaces for Tissue 
Culture by Glow Discharge 
We have routinely used commercially-available plastic 
dishes, flasks, and microtitration plates for all tissue cul­
ture and related procedures. However, untreated plastic sur­
faces (usually made of polystyrene) are generally unsuitable 
for the culture of vertebrate cells because they do not per­
mit ready attachment and spreading of cells. As far as v;e 
could ascertain, commercial suppliers treat the surfaces of 
tissue culture plasticware chemically to modify the surfaces 
so that cell attachment occurs. Therefore, when commercial 
tissue culture products were out of supply or not available 
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because of manufacturing irregularities, we had to resort to 
the use of glassware for tissue culture work. To eliminate 
this inconvenience, I investigated the modification of poly­
styrene surfaces by the use of a high-voltage, alternating 
current glow discharge. This procedure either charges the 
polystyrene sufficiently to permit cell attachment and 
spreading or affects removal of a material that inhibits cell 
attachment. 
Apparatus 
The main equipment consisted of a Varian VE-30K vacuum 
evaporator equipped with a glow discharge unit (Fig. 1). 
The glow discharge unit consists of a transformer, variable 
from 0 to 4500 volts, which is connected to an electrode 
within a bell jar (Fig. 1). Any grounded metal within the 
bell jar serves as a second electrode to complete the circuit. 
In general, material to be subjected to a glow discharge was 
placed in the bell jar; the evaporator was pumped down to 30 
to 50 microns pressure. A current of approximately 1400 
volts AC (a setting of about 30 on the transformer control) 
was applied and a bluish glow discharge resulted. Additional 
details are given in the following paragraph. 
Effect of glow discharge treatment on different products 
Materials subjected to glow discharge, as shown in Fig. 
2, included 50-mm diameter petri plates (Falcon 1007). 
Fig. 1A« Apparatus for glow discharge treatment. 
a Bell jar 
b Transformer control 
Fig. IB. Close up of glow discharge treatment area. 
a Glow discharge electrode 
b Petri plates in position for glow 
discharge treatment 
m 
a#*" 
ill II 
ill 
0#^ 
6Z 
Fig, 2, Materials subjected to glow discharge. 
a 60-mm petri plates (Falcon 1007 and 3002) 
b 100-mm petri plate (Fisher 8-757-12) 
c Microtitration plate (Linbro S-MVC-96) 
d Microtitration plate (Linbro IS-FB-96-TC) 
31 
32 
Growth of Vero cells on these plates, as monitored by phase 
contrast microscopy, was compared to growth on similar non-
glow discharged plates and on similar plates commercially 
treated for tissue culture (Falcon 3002), In addition, 
(growth of Vero cells on glow discharged-treated, 100-mm di­
ameter petri plates (Fisher 8-757-12) was compared to growth 
on similar nonglow discharge-treated plates. Growth of Vero 
cells in glow discharge-treated microtitration plates (Linbro 
S-MVC-96) was compared to growth on similar nonglow dis­
charge-treated plates and on plates commercially treated for 
tissue culture (Linbro IS-FB-96-TC). Each of the above 
materials that was glow discharge-treated was so treated with 
the covers open for 5 min and was placed 5 to 10 cm from the 
glow discharge electrode. 
Ability of different types of cells to grow on plates treated 
by glow discharge 
The following types of cells were inoculated onto glow 
discharge-treated, 60-mm petri plates (Falcon 1007), similar 
nonglow discharge-treated plates, and on similar plates 
commercially treated for tissue culture (Falcon 3002): pri­
mary chick embryo fibroblast and chick embryo lung cells; 
secondary canine kidney, monkey kidney, chick embryo lung, 
and embryonic bovine kidney cells; and continuous lines of 
BHK 21 and Vero cells. The plates were incubated at 35 C 
and cell growth was monitored daily by phase contrast mi­
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croscopy. The glow discharge-treated plates were so treated 
with the covers open for 5 min and were placed 5 cm from the 
electrode. 
Effect of sterilization on plates treated by glow discharge 
The effect of cold sterilization methods on glow dis­
charge-treated plates was examined. Petri plates (Falcon 
1007) were subjected to a glow discharge with the covers open 
for 5 min at a distance of 5 cm from the electrode. Some of 
these plates, along with uncharged Falcon 1007 plates and 
commercial tissue culture plates (Falcon 3002), were exposed 
with covers open under two General Electric G1578 germicidal 
lamps at a distance of about 1 m for 5 h. The next day, the 
plates, along with non-UV-sterilized glow discharge-treated 
plates, were inoculated with Vero cells. Cell growth was 
examined daily by phase contrast microscopy. 
The remainder of the glow discharge-treated plates, 
along with uncharged Falcon 1007 and Falcon 3002 plates were 
exposed to a mixture of 12% ethylene oxide and 88% carbon 
dioxide at 49 C for 16 h. Some of these plates, along with 
nonethylene oxide-treated plates, were inoculated with Vero 
cells the next day; the remainder were inoculated 6 days 
after sterilization. Cell growth was examined daily by phase 
contrast microscopy. 
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Other glow discharge parameters 
In the above experiments the Falcon 1007 petri plates 
were subjected to a glow discharge with the covers removed. 
Several plates were also glow discharge-treated with the 
covers left on, for 5 min at a distance of 5 em from the 
electrode. Vero cells were then inoculated onto these and 
nonglow discharge-treated control plates; growth was moni­
tored by phase contrast microscopy. 
To determine the effect of distance from the electrode 
Falcon 1007 plates were subjected to a glow discharge, with 
the covers open, for 5 min at distances (from edge of elec­
trode to center of plate) of 4, 7, 12, 17.5, 23, and 30 cm 
from the electrode. The treated plates, along with nonglow 
discharge-treated control plates, were then inoculated with 
Vero cells and examined daily. 
To determine the effect of the length of time of glow 
discharge treatment. Falcon 1007 plates were subjected to a 
glow discharge with the covers open, at 5 cm from the elec­
trode for periods of 5, 10, 20, and 40 sec and 1, 2, 5, and 
10 min. The treated plates, along with nonglow discharge 
treated control plates, were then inoculated with Vero cell 
and examined daily. 
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Virology Procedures 
Viruses 
Initial experiments were performed using polioviruses in 
the form of commercial vaccines. The vaccines (Lederle 5-
2084-05 or Pfizer 5101) were procured in 0.5-ml vials which 
were pooled and stored at -20 C. 
The following viruses were obtained in 0.5- or 1.0-ml 
suspensions from the American Type Culture Collection (ATCC): 
Coxsackie A, Type 9 (VR 185), Coxsackie B, Type 5 (VR 185), 
ECHO, Type 6 (VR 36), and poliovirus, Type 3 (VR 193). The 
numbers in parentheses are the ATCC catalogue numbers (5). 
These suspensions were stored at -20 C. 
Media and reagents 
Phosphate buffered saline (21) 
CaClg, anhydrous 0.1 g 
KCl 0.2 g 
KHgPO^ 0.2 g 
MgClg'GHgO 0.1 g 
NaCl 8.0 g 
Na2HP0^-2H20 1.15 g 
deionized water (tissue culture grade) 1.0 1 
Sterilize by filtration through a Millipore XX4004700 filtra­
tion unit containing a Millipore GS (0.22 um pore size) mem­
brane and AP2504200 prefilter. Store at room temperature. 
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Skim milk solution, 10% 
dry skim milk powder 10.0 g 
dcionized water (tissue culture grade) 100.0 ml 
Autoclave at 110 C for 10 min; cool immediately to room tem­
perature. Centrifuge at 500 X g for 10 min. Store at 4 C. 
Magnesium chloride solution, 50% 
MgClg'GHgO 50.0 g 
deionized water (tissue culture grade) 100.0 ml 
Sterilize by membrane filtration and store at room tempera­
ture • 
Sodium bicarbonate solution, 7.5% 
NaHCOg 7.5 g 
deionized water (tissue culture grade) 100.0 ml 
Sterilize by membrane filtration and store at room tempéra­
ture . 
Virus diluent 
lactalbumin hydrolysate solution, sterile, 
10% (Gibco 164) 0.5 ml 
Earle's salts, sterile (Ix)(Gibco 401S) 95.5 ml 
Add a few crystals of phenol red and adjust the pH to neu­
trality with sterile 7.5% sodium bicarbonate solution as in­
dicated by a red-orange color of the indicator. Store at 
4 C. 
Enterovirus typing pools for neutralization tests 
The Lim Benyesh-Melnick enterovirus typing pools were ob­
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tained from the Research Resources Branch, National Institute 
of Allergy and Infectious Diseases, Public Health Service, 
National Institutes of Health, Bethesda, Maryland 20014. The 
composition of the pools are listed in Table 2. The sera 
Were supplied in lyophilized form. Each vial of dried serum 
was rehydrated with 5 ml of sterile deionized water (tissue 
culture grade) to make an undiluted stock. Each undiluted 
stock was then diluted 1:10 in the virus diluent and inacti­
vated by placing in a 56 C water bath for 30 min. Both the 
undiluted and diluted stocks were stored at -20 C. 
Enterovirus typing pools for immuno-electron microscopy 
The undiluted pool stocks, as prepared above, were diluted 
1:10 in phosphate buffered saline (instead of in diluent) and 
inactivated for 30 min at 56 C. These stocks were also 
stored at -20 C. 
Control sera Normal rabbit serum and monovalent 
rabbit sera against Poliovirus 3 and Coxsackievirus B5 were 
obtained from Microbiological Associates. These monovalent 
and normal sera were used in the various serological proce­
dures along with the enterovirus typing pools. The sera, ob­
tained in liquid form, were diluted 1:10 in diluent (for neu­
tralization tests) or phosphate buffered saline (for immuno-
electron microscopy). 
Table 2. Composition of enterovirus typing pools^. 
Pools containing the antiserum 
Antiserum 
A B C D E P G H  
PI XX 
P?. X X 
P3 X X 
CA7 X X 
CA9 X X 
CA16 X 
CBl X X 
CB2 X X 
CB3 X X 
CB4 X X 
CB5 X X 
CB6 XX 
El X X 
E2 XX 
E3 X X 
E4 X X 
E5 X X X 
EG XX 
E7 X X 
E9 X X X 
Ell X 
E12 X X 
E13 X X 
E14 X X 
E15 X 
E16 
E17 
E18 
E19 
E20 
E21 
E22 
E23 
E24 
E25 
E26 
E27 
E29 
E30 
E31 
E32 
E33 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
reference 50. 
^This serum, erroneously labeled as CB3, was subsequently found to be mono-
typic CA9 serum. 
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Agar overlay 
Solution A 
Bacto agar (Difco) 3.0 g 
deionized water (tissue culture 
grade) 163.0 ml 
Autoclave at 121 C for 15 min; hold in a 45 C water bath. 
Solution B 
Earle's salts, sterile (10%) 
(Gibco 405S) 20.0 ml 
neutral red solution, sterile 
(1:300)(Gibco 533) 1.0 ml 
skim milk solution, 10%, sterile 1.0 ml 
magnesium chloride solution, 50%, 
sterile 1.0 ml 
Aseptically add solution B to solution A after solution A has 
cooled to below 50 C. Then add 6.0 ml of sterile 7.5% sodium 
bicarbonate solution and 1.0 ml of Gentamicin solution (10 
mg/ml, Sobering). Hold in a 45 C water bath and use as soon 
as possible. This overlay is a modification of that reported 
by Melnick and Wenner (51). 
Preparation of virus stocks 
Since the viruses obtained from ATCC were available only 
in small quantities, it was necessary to propagate them on 
tissue cultures and establish working stock suspensions. For 
the earlier work, it was necessary to isolate one of the 
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polioviruses from the trivalent vaccine as well as to estab- ' 
lish stock suspensions. 
Polio vaccine Ten-fold serial dilutions of the polio 
vaccine were made in phosphate buffered saline (PBS), Vero 
cell monolayers were grown in disposable 30-ml flasks (Falcon 
3012). When confluent growth occurred, each flask was 
drained of medium and inoculated with 0.1 ml of a vaccine 
dilution. The flasks were tilted back and forth every 5 to 
10 min for 1 h at room temperature to spread the inoculum and 
permit the viruses to adsorb to the cell layer. Following 
adsorption, the monolayers were washed twice with PBS to re­
move unadsorbed viruses. The flasks were drained and the 
monolayers were gently covered with approximately 3 ml of 
agar overlay (at a temperature no higher than 44 C). Thé 
caps on the flasks were sealed tightly immediately after 
pouring in the agar. The flasks were allowed to cool in the 
dark to prevent decolorization of the neutral red dye. The 
flasks were incubated upside down at 35 C and examined daily 
for plaque formation. 
In the meantime, new Vero cell monolayers were grown in 
250-ml disposable flasks (Falcon 3024). After cell growth 
was confluent and just prior to viral isolation, the regular 
growth medium was drained from the flasks and replaced with 5 
to 8 ml of standard growth medium without serum. Viruses 
from several well-isolated plaques were transferred to the 
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fresh Vero cell monolayers, one plaque to a flask, by means 
of a standard bacterial loop. The flasks were incubated at 
35 C until most of the cells showed cytopathic effects (CPE), 
usually after 4 days, as observed by phase contrast micros­
copy. Flasks containing infected cells were frozen and 
thawed twice to aid the release of virus particles from the 
cells. The contents of each flask were then drawn into and 
rapidly discharged several times from a 5- or 10-ml dispos­
able syringe (Becton Dickinson 5632 or 5504), equipped with 
a 13-cm, 20-gauge needle (Becton Dickinson LNR)(one new 
sterile syringe and needle for each flask), to increase the 
release of virus particles. Each viral suspension was then 
centrifuged at 2000 X g for 15 min to remove cell debris. 
Suspensions were stored at -20 C, Some of the viral isolates 
were identified by microneutralization tests, as described 
under "Identification of viruses". 
ATCC viruses Secondary monkey kidney cell monolayers 
were grown in 250-ml disposable flasks (Falcon 3024). After 
cell growth v;as confluent, the regular growth medium was 
drained from the flasks and replaced with 5 to 8 ml of stand­
ard growth medium without serum. Each flask was inoculated 
with 0.05 or 0.1 ml of a virus suspension purchased from the 
ATCC; inoculation was accomplished by means of a mechanical 
pipetting device (Schwarz/Mann 0010-19). The flasks were 
incubated at 35 C until most of the cells showed CPE. The 
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flasks were then frozen and thawed twice and the viral sus­
pensions were processed as above. Also, several stock sus­
pensions were prepared as before except that the freeze-
thaw step was omitted and they were stored at room tempera­
ture. Identity of the viruses v;as confirmed by microneutral-
ization tests as described under "Identification of viruses". 
Enumeration of viruses 
Viruses were enumerated by means of plaque assay or 50% 
infectivity end point (TCD^Q) determination. Ten-fold serial 
dilutions of the virus sample were made in PBS (for the 
plaque assay) or in virus diluent (for the TCDg^ determina­
tion). Usually, the dilution volume was 1 ml and dilutions 
were made in sterile Becton Dickinson 7813 disposable glass 
tubes. The 0.1-ml transfers were made using,the mechanical 
pipetting device (Schwarz/Mann 0010-19). Larger glass test 
tubes and regular pipettes were also used if more than 1 ml 
of a dilution was required. 
Plaque assay Cell monolayers were grown in dispos­
able 30-ml flasks (Falcon 3012 or 3013). When confluent 
growth occurred, each flask was drained of medium and inocu-
,lated with 0.1 ml of a virus dilution (The flasks were not 
completely drained, leaving about 0.1-0.2 ml of medium in 
each flask; this residue, plus 0.1 ml of inoculum, provided 
enough total liquid to sufficiently keep the cell layer moist 
during incubation). The flasks were tilted back and forth 
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every 5 to 10 min for 1 to 2 h at room temperature to spread 
the inoculum and permit the viruses to adsorb to the cell 
layer. The flasks were then drained and the monolayers were 
gently covered with approximately 3 ml of agar overlay (at a 
temperature no higher than 44 C). The caps on the flasks 
were sealed tightly immediately after pouring in the agar. 
The flasks were allowed to cool in the dark to prevent de-
colorization of the neutral red dye. The flasks were incu­
bated upside down at 35 C and examined daily for at least 7 
days. During observation, the flasks were illuminated with 
a minimum amount of light (on a light box with a rheostat 
control) with the room lights out to prevent decolorization 
of the neutral red dye. Plaques were counted and viral 
titers calculated in numbers of plaque forming units (pfu) 
per ml. 
TCD^g determination The TCD^q titration was done 
using sterile, plastic, disposable microtitration plates 
(Linbro IS-FB-96-TC) containing 96 wells in 12 columns, 8 
wells to a column. All liquid transfers were done using the 
mechanical pipetting device (Schv/arz/Mann 0010-19). Each 
virus dilution was dispensed in 0.1-ml amounts into 8 wells, 
one column being used for each dilution. A cell suspension 
was made up by routine trypsination of a monolayer culture, 
except that the cells were suspended in standard growth medi­
um that had been inactivated at 56.C for 30 min. Known 
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polioviruses were tested using Vero or secondary monkey 
kidney cells. The monkey kidney cells were used for all 
other virus samples. The cells were counted and the volume 
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adjusted to give 5 X 10 cells/ml; 0.05 ml of this suspension 
was dispensed into each well containing a virus dilution. 
The microtitration plates were then gassed for 1.5 min with 
COg in the incubator and allowed to equilibrate with the CO^ 
for 10 to 20 min. During the above procedures, the plates 
were temporarily covered with sterile plastic covers (Linbro 
53). After the equilibration period, the incubator v/as 
opened and the plates were immediately permanently sealed 
with Linbro 35-PSM plastic seals. The plates were incubated 
at 35 C and examined daily by phase contrast microscopy. For 
each dilution, the number of wells showing CPE (out of 8 
wells) was recorded; the titers, in TCDg^/ml, were calculated 
by the Karber (38) method. 
Identification of viruses 
Microneutralization test The identification of en­
teroviruses using the NIH enterovirus typing pools has been a 
routine matter for some years. However, the typing pool pro­
cedures call for the use of standard tube neutralization 
tests. To economize on use of antiserum and expedite assays, 
the microneutralization test described by Schmidt (62) was 
adapted for use with the typing pools. The microneutraliza­
tion test was performed using Linbro IS-FB-96-TC microtitra-
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tion plates; transfers were accomplished with the Schwarz/ 
Mann 0010-19 pipetting device. During preparation of the 
microneutralization tests, the plates were temporarily 
covered with the Linbro 53 covers. 
For each serum pool, a series of 2-fold dilutions in 
virus diluent were made in duplicate. Each set of dilutions 
Was made in one 8-well column in the microtitration plates. 
The volume of each dilution was 0.05 ml. To one of the two 
sets of dilutions were added approximately 500 TCD^Q of the 
test virus (prepared in virus diluent). To the other set of 
dilutions was added 0.05 ml per well of diluent (this was the 
serum control). The serum-virus mixtures were incubated at 
room temperature for 30 min. A cell suspension was made up 
as for the TCD^g procedure. Known polioviruses were tested 
using Vero or secondary monkey kidney cells. The monkey 
kidney cells were used for all other virus samples. To each 
well was added 0.05 ml of the suspension. Several cell con­
trols were prepared consisting of 0.05 ml of cell suspension 
and 0.1 ml of diluent. The microtitration plates were then 
gassed with COg and sealed as for the TCDg^ procedure. The 
plates were incubated at 35 C and examined daily for at least 
7 days by phase contrast microscopy. A confluent outgrowth 
of cells could be observed in wells that contained no virus 
or neutralized virus, whereas wells containing non-neutral­
ized virus exhibited CPE. 
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Immuno-electron microscopy 
Agar diffusion method Attempts were made to 
identify poliovirus 3 by means of the serum-in-agar diffusion 
method of Anderson and Doane (3). Typing pools (pool D, con­
taining polio 3 antiserum, and pool A, not containing polio 
3 antiserum), monovalent antiserum against polio 3, and nor­
mal control sera were used. Serum-in-agar mixtures were pre­
pared by cooling molton 1% Difco Noble agar to 56 C and 
adding undiluted stock sera to make dilutions of 1:10, 1:100, 
and 1:1000. The mixtures were held at 56 C for 30 min to 
inactivate the sera and then were distributed into wells of 
a microtitration plate (Linbro S-MVC-96) in quantities suffi­
cient to almost fill up each well (about 0.3 ml). On the 
surface of each agar-filled well was placed a 400-mesh copper 
electron microscope specimen grid which had been coated pre­
viously with Formvar and carbon. Upon each grid was placed 
a drop of poliovirus 3 suspension by Pasteur pipette. The 
titer of the suspension was 6 X 10^ pfu/ml. The drops of 
virus suspension were allowed to air dry after which the 
grids were negatively stained by placing a drop of 2% phos-
photungstic acid, pH 6.8, on each grid for 1 min. The stain 
was then removed by touching the edge of each grid to filter 
paper. The grids were examined for viral aggregates (immune 
complexes) on an Hitachi HU-llC electron microscope at 75 or 
100 KV. 
In addition, to permit greater diffusion of antiserum 
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through the Formvar, 400-mesh grids with holes in the Formvàr 
were used. These grids were coated with Formvar under high 
humidity. The grids were then immersed in absolute methanol 
for 1 to 4 min, rinsed in 95% ethanol, and carbon coated. 
Direct method The primary immuno-electron mi­
croscopy (IEI4) procedure used in the present study basically 
follows that of Almeida and Waterson (2). For each serum-
virus mixture to be tested, 0.1 ml of serum, 0.1 ml of virus 
suspension, and 0.8 ml of PBS were added to either a Sorvall 
525 stainless steel tube or a Sorvall 731 polycarbonate tube 
with 416 adapter. The mixtures were usually incubated at 
room temperature for 1 h with frequent agitation. In addi­
tion, incubation times of up to 4 h were used. Several runs 
were also left overnight at 4 C without agitation. After in­
cubation, the tubes were centrifuged at 36,000 X g at 5 C in 
a Sorvall SM 24 rotor in a Sorvall RC-2B centrifuge for 1.5 
h. Immediately following centrifugation, the supernatants 
were carefully drawn off using Pasteur pipettes. One drop of 
deionized water was added to each tube and the pellets were 
resuspended with the aid of wooden sticks. Since the pellets 
were invisible, their approximate positions in the tubes were 
localized by placing a mark at the top of each tube and posi­
tioning the tubes with this reference mark to the outside of 
the rotor prior to centrifugation. Thus the approximate lo­
cation of the pellet would be near the bottom of the tube, 
below the reference mark. After resuspension, one drop of 4% 
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phosphotungstic acid was added to each tube and mixed with 
a Pasteur pipette. One drop of each sample-stain mixture was 
placed on a Formvar-carbon coated 400-mesh grid for about 1 
min and then removed by touching filter paper to the edge of 
the grid. To expedite preparation of multiple samples, grids 
were attached to the edge of a length of double-stick tape 
that was attached to a piece of filter paper in a petri 
plate. Thus, the samples could be placed on the grids and 
soaked off at about the same time. The grids were examined 
for viral aggregation on the Hitachi HU-llC electron micro­
scope at 75 or 100 KV. 
On several occasions - immediately after resuspension of 
the pellets in deionized water, the samples were frozen at 
-20 C to be further processed the next day. 
To make quantitative comparisons of the numbers of viral 
aggregates, the following procedure was used: Plate magnifi­
cation on the electron microscope was set at about 10,000. 
At this magnification, viral complexes could easily be seen 
and yet a relatively large area of the grid could be observed 
at once in the field. Looking at the fine focussing screen 
through the 7x binoculars, aggregates along the perimeter of 
a grid hole were counted, keeping the edge of the grid bar 
barely in view. Five random grid holes were counted in this 
manner on each grid. Grid holes with an excessive amount of 
background debris or insufficient stain were avoided. 
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Food Procedures 
Polyelectrolyte adsorption tests 
My initial intentions were to test the recovery of sev­
eral types of enteroviruses from foods by means of polyelec­
trolyte adsorption. Before any food samples were processed, 
the following tests were made. 
Approximately 280 pfu of poliovirus 1 (isolated from 
vaccine) were added to 100 ml of PBS which had previously 
been adjusted to pH 5.0. A 1% PE 60 suspension was prepared 
as for the earlier MS2 experiments and 8 ml were added to the 
mixture which was then stirred at room temperature for 1.5 h 
(20 ml was added in a second trial). The mixture was then 
filtered through a fiberglass prefilter (Millipore AP2504200) 
which had previously been soaked in a solution of 10% gamma 
globulin-free calf serum (Gibco 624) in PBS. The recovered 
PE 50 was removed from the filter with a spatula and suspended 
in 5 ml of 10% gamma globulin-free calf serum in PBS which 
had previously been adjusted to pH 8.0. The suspension v;as 
shaken for 15 min to elute viruses and centrifuged at 800 X g 
for 10 min. The supernatant and the original solution after 
the PE 60 treatment were then plaque-assayed for the viruses. 
Because of unsatisfactory results from the above and MS2 
experiments, no further work was done involving polyelectro­
lyte adsorption. 
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Food virus recovery 
Viruses were inoculated into food samples and recovered 
using a procedure similar to the direct recovery procedure of 
Konowalchuk and Speirs (44). Virus isolates were then iden­
tified by the immuno-electron microscopy procedures that were 
described in the previous section. Samples of ground beef 
were purchased from local stores and divided into 5-g units. 
The samples were stored at -20 C until used. A suspension 
containing approximately 1 X 10^ TCDg^/ml each of poliovirus 
3, Coxsackievirus A9, and ECHO virus 6 was prepared in PBS. 
Several beef samples were inoculated with 0.1 ml of this 
suspension, using a 1-ml disposable syringe (Becton Dickinson 
5625). In addition, 0.1 ml of the virus suspension was in­
oculated into several control "samples", consisting of 5 ml 
of PBS containing 0.1% peptone (Difco). Samples were proc­
essed about 1 h after inoculation or were held at 4 C for 
3 days and then processed. 
Samples were placed in sterile, 25-ml Corex centrifuge 
tubes (Corning 8446). To the meat samples were added 5 ml 
of PBS containing 0.1% peptone. The Corex tubes were cov­
ered with a sheet of Parafilm M (American Can Co.) to pre­
vent leakage (the caps were not leak-tight) and then capped. 
The tubes were then shaken back and forth on a Kraft 5-500 
mechanical shaker, set at full speed, for 30 min at room tem­
perature. The tubes were then centrifuged at 2000 X g for 15 
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min at room temperature after which 3 or 4 ml of the super-
natants and control samples were carefully transferred to 
sterile test tubes. The supernatants and controls were di­
luted 1:5, 1:10, and 1:500 for inoculation onto tissue cul­
tures. 
Confluent secondary monkey kidney cell monolayers were 
grown in Falcon 3012 or 3013 flasks. The flasks were drained 
of medium, washed in PBS, and inoculated with 0.5 ml of a 
dilution. In several cases, raw supernatants were also in­
oculated onto monolayers. Inoculated flasks were overlayed 
and incubated as for the plaque assay. 
To propagate the isolated viruses, confluent secondary 
monkey kidney cell cultures were washed in PBS and filled 
with 2 ml of standard growth medium without serum (for cell 
cultures grown in 3013 flasks) or 5 ml of medium without 
serum (for cells grown in the larger Falcon 3024 flasks). 
After several days, viruses from well-isolated plaques were 
transferred to the fresh cell cultures by means of a standard 
bacterial loop. The flasks were incubated at 35 C. When 
most of the cells showed CPE, some suspensions were harvested, 
clarified, and stored at room temperature. The rest were 
freeze-thawed, harvested, clarified, and frozen as for the 
preparation of the stock viruses. 
Several samples of ravioli that were implicated in a 
food poisoning outbreak were obtained from the Polk County 
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Health Department; Des Moines, Iowa. These samples were also 
tested for viruses, as above. Fresh ground beef samples that 
were not intentionally inoculated with viruses were also 
tested. 
The viral isolates were identified by the direct immuno-
electron microscopy procedure previously described. Identifi­
cation was confirmed by microneutralization tests. 
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RESULTS 
Use of Bacteriophage to Test Food Virus Recovery Methods 
Samples of ground beef or buffer were inoculated with 
MS2 and then virus concentration by adsorption to a poly-
electrolyte was examined. The ground beef samples were inoc­
ulated with 0.1 ml or 1.0 ml of virus suspension. Inocula­
tion of 1.0 ml into a sample resulted in saturation of the 
sample and runoff of the remainder of the inoculum. The use 
of 0.1 ml resulted in the satisfactory distribution of the 
inoculum in the sample. 
The ground beef samples were then clarified by homogen-
ization with Freon 113 and bentonite. The use of a Waring 
blendor resulted in inadequate homogenization. Use of the 
Sorvall Omni Mixer, with its faster speed, resulted in more 
complete homogenization. 
Recovery of the polyelectrolyte after viral adsorption 
was hampered by the clogging of the fiberglass filter. Clog­
ging was minimized by continuous stirring of the suspension 
during filtration. Some of the sample was unavoidably lost 
during transfer from the filter pad to the container used 
during viral elution. Centrifugation appeared to improve 
polyelectrolyte recovery; however, a small amount of poly­
electrolyte would not sediment and was therefore lost. 
The numbers of bacteriophage recovered from the beef 
samples and controls are summarized in Table 3. In all cases 
Table 3. Recoveries of MS2 from ground beef and control (buffer) samples. 
Run^ Input virus pfu/sample 
Size of 
inoculum 
Total pfu 
recovered 
% 
recovered 
Total pfu 
left in 
supernatant 
% 
not 
virus 
adsorbed 
1 3 X 10® 1.0 ml 1.7 X 10^ 0.060 _b -
2 3 X 10^ 0.1 ml 1.4 X 10^ 0.050 - -
3 3 X 10^ 0.1 ml 2.2 X 10^ 0.070 - -
4 3 X 10^ 0.1 ml 1.4 X 10^ 0.050 - -
5 3 X 10^ 0.1 ml 1.6 X 10^ 0.005 1.7 X 10^ 57 
^Runs 1-3, ground beef; runs 4-5, buffer. 
^Mot tested. 
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less than 0.1% of the viruses was recovered from the poly-
electrolyte. Because of the low virus recoveries, the buffer 
sample of run number 5 was assayed for viruses after the 
polyelectrolyte had been removed. About 43% of the total in­
put viruses were unaccounted for. 
Adaptation of Plastic Surfaces for Tissue Culture 
by Glow Discharge 
Effect of glow discharge treatment of different products 
Fig. 3A shows Vero cells 24 h after inoculation on an 
ordinary Falcon 1007, 50-mm petri plate. As expected, only 
a few cells attached and spread out. On some areas of un­
treated plates a few cells attached and proliferated, espe­
cially if the cell inoculum was heavy; but in no case did 
confluent growth occur. 
Fig. SB shows Vero cells, from the same inoculum, 24 h 
after inoculation on a similar plate that had been treated 
by glow discharge. The cells have attached and grown nor­
mally. Cell growth was comparable to cells from the same in­
oculum grown on Falcon 3002 plates which were treated by 
Falcon for tissue culture (Fig. 3C). 
The same cell cultures after 4 days of incubation are 
shown in Fig. 4. The cells inoculated onto the untreated 
Falcon 1007 plate still have not appreciably attached (Fig. 
4A). The cells grown on the Falcon 1007 plate treated by 
glow discharge (Fig. 4B), and those grown on the Falcon 3002 
Fig. 3A,^ Vero cells 24 h after inoculation on an untreated 
Falcon 1007, 60-ram petri plate. 
Fig. 3B. Vero cells 24 h after inoculation on a Falcon 1007 
plate treated by glow discharge. 
Fig. 3C. Vero cells 24 h after inoculation on a Falcon 3002 
tissue culture plate. 
^The approximate magnification for each photograph in Fig. 3 
through Fig. 9 is 200. 
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Fig, 4A. Vero cells 4 days after inoculation on an untreated 
Falcon 1007, 60-mm petri plate. 
Fig, 4B. Vero cells 4 days after inoculation on a Falcon 
1007 plate treated by glow discharge. 
Fig. 4C. Vero cells 4 days after inoculation on a Falcon 
3002 tissue culture plate. 
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plates (Fig. 4C), both show equivalent aging. 
Vero cells inoculated onto untreated Fisher 8-757-12, 
100-itim petri plates also showed growth patterns similar to 
that shown in Fig. 3A, Cells inoculated onto similar plates 
that had been treated by glow discharge produced a normal 
monolayer, similar to that shown in Fig. 3B, 
Fig. 5A shows Vero cells 24 h after inoculation on an 
ordinary Linbro S-MVC-96 microtitration plate. Again, most 
of the cells did not attach. Fig. 5B shows Vero cells (from 
the same inoculum) 24 h after inoculation on a similar plate 
that had been treated by glow discharge. Cell growth v/as 
comparable to that on Linbro IS-FB-96-TC plates, treated by 
Linbro for tissue culture (Fig. 5C). Growth on the latter 
was slightly less dense than on the plate treated by glow 
discharge because the former had round-bottom wells while the 
latter had flat-bottom wells. 
Ability of different types of cells to grow on plates treated 
by glow discharge 
The results were similar to those obtained with Vero 
cells. Growth of BHK 21, primary chicken lung, secondary em­
bryonic bovine kidney and secondary monkey kidney cells, on 
the Falcon 1007 plates that were subjected to glow discharge, 
was comparable to growth on the Falcon 3002 tissue culture 
plates. In each case, cells inoculated onto untreated Falcon 
1007 plates generally did not attach and grow. Fig. 6 shows 
Fig. 5A, Vero cells 24 h after inoculation on an untreated 
Linbro S-MVC-96 microtitration plate. 
Fig, 5B. Vero cells 24 h after inoculation on a Linbro 
S-MVC-96 microtitration plate treated by glow 
discharge. 
Fig, 5C. Vero cells 24 h after inoculation on a Linbro 
IS-FB-96-TC tissue culture microtitration plate. 
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Fig, 6A. Secondary embryonic bovine kidney cells 24 h after 
inoculation on an untreated Falcon 1007, 60-mm 
petri plate. 
Fig. 6B. Secondary embryonic bovine kidney cells 24 h after 
inoculation on a Falcon 1007 plate treated by glow 
discharge. 
Figi 6C. Secondary embryonic bovine kidney cells 24 h after 
inoculation on a Falcon 3002 tissue culture plate. 
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24-h secondary embryonic bovine kidney cells on each type of 
plate. Each plate was inoculated from the same inoculum. 
Primary chicken embryo fibroblast, secondary chicken 
lung, and secondary canine kidney cells, when inoculated onto 
Falcon 1007 plates treated by glow discharge, grew slower 
than those inoculated on the Falcon 3002 tissue culture 
plates. However, the cells seemed to attach and spread out 
without any difficulty. Fig. 7A shows secondary canine kid­
ney cells 24 h after inoculation onto an untreated plate. 
Again, the cells did not attach and grow. Fig. 7B shows the 
cells 24 h after inoculation onto a similar plate treated by 
glow discharge. Fig. 7C shows the cells on the Falcon 3002 
tissue culture plate. Here, cell density is somewhat greater. 
Each of these three plates was inoculated from the same inoc­
ulum. 
Effect of sterilization on plates treated by glow discharge 
Sterilization by ultraviolet radiation of Falcon 1007 
plates which had been previously subjected to glow discharge 
did not appear to affect the growth of Vero cells on those 
plates. Cell growth was equivalent to that on similar plates 
that had been subjected to glow discharge but were not ex­
posed to the germicidal lamps, and on the Falcon 3002 tissue 
culture plates. 
Sterilization by ethylene oxide of Falcon 1007 plates, 
which had been previously subjected to glow discharge, did 
Fig. 7A. Secondary canine kidney cells 24 h after inocula­
tion on an untreated Falcon 1007, 60-mm petri plate. 
Fig. 7B. Secondary canine kidney cells 24 h after inocula­
tion on a Falcon 1007 plate treated by glow dis­
charge. 
Fig. 7C. Secondary canine kidney cells 24 h after inocula­
tion on a Falcon 3002 tissue culture plate. 
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not affect the growth of Vero cells when the cells were inoc­
ulated 6 days after ethylene oxide treatment. Cell growth 
was equivalent to that on similar plates which had been sub­
jected to glow discharge but were not exposed to ethylene 
oxide, and on the Falcon 3002 plates. However, cells inocu­
lated onto plates the day after ethylene oxide treatment did 
not attach and grow. 
Effect of time on plates treated by glow discharge 
Vero cells were inoculated onto Falcon 1007 plates which 
had been subjected to glow discharge from 1 day to 7 months 
before; all produced normal confluent monolayers. Secondary 
monkey kidney cells inoculated onto similar plates which had 
been subjected to glow discharge 7 months earlier also pro­
duced normal confluent monolayers. In both cases, cells 
appeared to grow equally rapidly on the 7-month-old plates 
and on plates more recently subjected to glow discharge. As 
before, all growth on the plates that were treated by glow 
discharge was equivalent to that on the Falcon 3002 tissue 
culture plates. Cells inoculated onto untreated Falcon 1007 
plates at each time interval did not attach or grow. 
Other glow discharge parameters 
Fig. 8A shows Vero cells 24 h after inoculation on 
Falcon 1007 plates that were subjected to glow discharge with 
their covers left on. The monolayer is characterized by oc-
Fig. 8A. Vero cells 24 h after inoculation on a Falcon 1007, 
60-inm petri plate treated by glow discharge with 
the cover left on. 
Fig. SB. The same monolayer 48 h after inoculation. 
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casional irregular clear areas. Fig. 8B shows the monolayer 
after 48 h. Many of the clear areas have been overgrown with 
cells, although some larger clear areas remained throughout 
the life of the monolayer. Otherwise, the cells seemed to 
attach and spread without difficulty. Cells from the same 
inoculum grew into normal confluent monolayers on plates that 
had been treated by glow discharge with their covers opened 
at the same time as the closed plates. 
The location of materials within the vacuum evaporator 
during glow discharge operations did not seem to be an impor­
tant factor. There were no noticeable differences in Vero 
cell monolayers grown on Falcon 1007 plates that were sub­
jected to glow discharge at distances from 4 to 30 cm from 
the electrode. 
The length of time a plate is subjected to glow dis­
charge also did not seem to be critical. Falcon 1007 plates 
subjected to glow discharge for more than 1 min consistently 
supported confluent Vero cell monolayers. The monolayers 
were comparable to those grown from the same inoculum on 
Falcon 3002 tissue culture plates. Plates subjected to glow 
discharge for less than 1 min generally supported confluent 
monolayers; however, some of the monolayers had occasional 
small clear areas similar to those shown in Fig. 8. 
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Microneutralization Test 
The microneutralization test generally gave satisfactory 
identification of the enteroviruses. However, the first, 
and sometimes the second, antiserum dilution usually resulted 
in abnormal growth of the cells. Fig. 9B shows such an exam­
ple: this is a photograph of the first dilution of a serum 
control that consisted of cells, antiserum, and diluent. 
Fig. 9A shows a serum control in which the antiserum was more 
dilute; cell growth is normal. Fig. 9C shows cytopathic 
effects caused by enterovirus infection. The CPE were char­
acterized by rounding of the cells and almost complete sepa- ' 
ration of the cells from each other. Abnormal cell growth in 
wells containing higher antiserum concentrations (Fig. 9B) 
was characterized by cellular swelling; however, the cells 
usually remained attached to each other. Thus, after some 
practice, cells affected by the higher antiserum concentra­
tions could be distinguished from cells showing CPE caused by 
the viruses. 
Immuno-Slectron Microscopy 
Agar diffusion method 
The serum-in-agar diffusion method of Anderson and Doane 
(3) failed to satisfactorily identify the test virus. Sever­
al viral aggregates were seen on grids that were prepared 
using viral antiserum diluted 1:10; however, the background 
Fig. 9A. Microtitration plate culture consisting of Vero 
cells, diluent, and a dilute antiserum pool. 
Fig. 9B. Microtitration plate culture consisting of Vero 
cells, diluent, and an undiluted antiserum pool. 
Fig. 9C. Microtitration plate culture consisting of Vero 
cells, diluent, and an enterovirus suspension, 
showing nearly complete CPE. 
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debris was extremely heavy, which made virus recognition 
difficult. Also, too much time was consumed in scanning a 
grid for the relatively few aggregates that were observed. 
Use of grids with holes in the Formvar did not produce any 
noticeable improvements. 
Direct method ' 
The direct IEli procedure generally provided satisfactory 
qualitative identification of polioviruses 1 and 3, Identi­
fication was accomplished by observing only the relative 
presence or absence of viral aggregates. Fig. 10 shows a 
typical field of view of a sample which contained poliovirus 
3 and an antiserum pool containing homologous antibody. 
Viral aggregates were easily distinguished. Fig. 11 shows a 
typical view of a sample which contained poliovirus 3 and one 
of the antiserum pools containing only heterologous anti­
bodies. No aggregates are visible in this view. However, 
occasional aggregates were seen in samples containing only 
heterologous antibodies or no serum at all. The numbers of 
these aggregates were always few enough so the sample would 
not be mistaken as positive. 
Because of cross reactions with heterologous antisera, 
identifications of Coxsackieviruses A9, B5, and ECHO virus 6 
were positive only after relative counts of viral aggregates 
in each of the 8 samples (1 sample for each of the typing 
pools) were taken. Table 4 shows typical counts for the lEM 
Fig. 10. Sample containing poliovirus 3 and an antiserum 
pool containing homologous antibody. Some of the 
viral aggregates are indicated by arrows. 26,000x. 
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Fig. 11. Sample containing poliovirus 3 and an antiserum 
pool containing only heterologous antibodies. No 
viral aggregates are visible in this view. 25,000x. 
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SSl'w: 
Table 4. Counts of viral aggregates for identification of Coxsackievirus B5 by 
immuno-electron microscopy. 
Virus Antiserum Counts 
Full lEH run 
Monovalent 
rabbit serum 
controls 
Virus control — 
Serum controls 
X Pool A 6,4,3,2,4 
X Pool B 0,1,0,2,0 
X Pool C 8,9,4,11,8 
X Pool D 2,0,0,1,0 
X Pool E 5,5,8,10,9 
X Pool F 0,0,1,2,1 
X Pool G 1,3,1,3,3 
-
X Pool H 1,1,0,0,2 
- X Polio 1 0,1,0,0,2 
X Polio 3 0,1,0,0,0 
X CB5 2,6,4,2,3 
X Normal 0,0,0,1,0 
 X -
o
 
1—1 o
 
o
 
f —1 
r W. Pool C 0,0,0,0,0 
- Normal 0,0,0,0,0 
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identification of Coxsackievirus B5; the C and E pools con­
tained homologous antibodies to CB5. The sample containing 
antiserum pool A showed the most cross reaction, followed by-
pool G. The remaining samples showed about the same amount 
of aggregation as control samples containing no serum or only 
1 heterologous antiserum. 
Titers of the test viruses ranged from about 1 X 10^ 
7 pfu/ml to 2 X 10 pfu/ml. Successful lEM identifications 
6 
were made if the titers were above approximately 2 X 10 
pfu/ml. Identifications were marginal or unsuccessful when 
the titers were below about 2 X 10^ pfu/ml because of the low 
average numbers of aggregates. 
Fig. 12 shows a high magnification view of a viral ag­
gregate from a sample containing dilute monovalent antiserum. 
Structures can be seen linking some of the virus particles. 
Fig. 13 shows a similar viral aggregate from a sample con­
taining pooled antiserum. The heavy background debris ob­
scures any structures which may connect the virus particles. 
Because of the relatively large amount of background debris, 
structures linking aggregated virus particles generally could 
not be seen in samples containing an antiserum pool. 
IEM samples that were stored at -20 C and then stained 
and observed the next day showed no apparent differences from 
those samples that were stained and observed the same day. 
Also, grids that were stored for up to 2 days after prépara-
Fig. 12. Viral aggregates from a sample containing dilute 
monovalent antiserum. Antibody-like structures 
(arrows) can be seen linking some of the virus 
particles. 102,000%. 
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Fig. 13. Viral aggregate from a sample containing an anti­
serum pool. Fine detail is obscured by the heavy 
background; however, the aggregate itself is 
readily visible. I22,000x. 
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tion showed little or no deterioration. 
Food Procedures 
Polyelectrolyte adsorption tests 
Two samples of phosphate buffered saline were inoculated 
with poliovirus 1 and then virus recovery by adsorption to 
PE 50 was examined. The virus recoveries from the samples 
were 25% and 5%. Approximately 1% of the input virus re­
mained in each sample after the polyelectrolyte had been re­
moved. The remaining amounts of virus were unaccounted for. 
Food virus recovery 
Samples of ground beef were inoculated with viruses and 
then the viruses were recovered by direct inoculation of ali-
quots of the samples onto tissue cultures, as described under 
"Materials and Methods". Samples of ground beef that were 
processed shortly after inoculation with the test viruses 
yielded an average of 92% total virus recovery. Samples that 
were processed 3 days after inoculation yielded an average of 
80% total virus recovery. 
Several of the isolated viruses were propagated and 
identified by immuno-electron microscopy. The results of IEM 
tests of 4 virus isolates are summarized in Table 5. Isolate 
number 1 was propagated in a single Falcon 3013, 30-ml flask. 
The remaining isolates were propagated in Falcon 3024, 250-ml 
flasks. Each sample had a high enough viral titer to permit 
Table 5. Imrnuno-electron microscopy identification of food isolates. 
Counts, aggregates per grid hole 
Pool • 
Isolate 1 Isolate 2 Isolate 3 Isolate 4 
A 1,1,1,2,1 0,1,0,0,1 0,1,0,1,0 2,1,1,0,3 
B 11,6,14,4,5 0,7,5,0,6 6,3,1,4,4 18,5,7,3,5 
C 8 , 8 , 4 , 4 , 9  1,6,7,9,3 6,9,10,4,7 7 , 8 , 5 , 4 , 6  
D 1,0,0,2,0 0,0,4,1,1 1,3,0,0,0 1,1,3,0,1 
E 2,0,0,1,1 1,0,0,1,0 0,0,2,0,1 0,1,2,1,1 
F 0,0,1,0,0 0,0,0,1,0 1,1,3,2,0 
G 6,8,6,6,8 5,2,4,1,3 2,3,4,6,4 6,10,6,5,6 
H 1,0,0,1,0 0,0,3,1,0 0,1,1,0,0 1,1,1,3,2 
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successful lEI'l identification and there appeared to be a 
minimal amount of cross reactions in these samples. The 
isolates were identified as Coxsackie A9 (typing pools B, C, 
and G contained CA9 antiserum). In addition, 3 more isolates 
were identified as Coxsackie A9 by observing only the rela­
tive presence or absence of viral aggregates on each of the 
grids. Microneutralization tests performed on each of the 
isolates confirmed the results of the lEt-l identifications. 
Approximately 15 tissue cultures were inoculated with 
uncontaminated ground beef samples and approximately 35 tis­
sue cultures had been inoculated with aliquots of the ravioli 
sample that had been implicated in a food poisoning outbreak. 
Of these, about half were inoculated with undiluted samples. 
Some of the undiluted samples were toxic to the cell mono­
layers; this was indicated by the fading of the neutral red 
dye 1 to 3 days after inoculation. The uninoculated beef and 
ravioli samples yielded no plaques on any of the cell mono­
layers. 
90 
DISCUSSION 
Polyelectrolyte Adsorption Tests 
The failure to adequately recover viruses from food sam­
ples using the polyelectrolyte, PE 50 was a great disappoint­
ment in light of the amount of literature describing the 
successful attempts to use the same product. In an MS2-ad-
sorption experiment, 43% of the viruses were unaccounted for; 
in poliovirus 3-adsorption controls, up to 95% of the viruses 
were unaccounted for. The missing viruses could have been 
neutralized by, or irreversibly adsorbed to, the polyelectro­
lyte. Chaudhuri and Engelbrecht (9) reported that several 
cationic polyelectrolytes similar to PE 60 were able to in­
activate coliphages T4 and MS2. 
The poor recovery of the polioviruses from the polyelec­
trolyte is contradictory to the results of a similar experi­
ment by Wallis et al. (75) who claimed up to 95% recovery of 
poliovirus 1. The only difference between their experiment 
and the present study is that they used 100 ml of normal sa­
line instead of PBS. However, since the salts present in a 
solution, as well as the pH, can affect polyelectrolyte ad­
sorption of viruses (17), the additional salts may have ad­
versely affected virus adsorption. More efficient virus ad­
sorption and elution might be accomplished by adjusting the 
types and concentrations of salts in both the virus-contain­
ing sample and the eluent. Also, virus recovery may be im­
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proved by vigorous mechanical treatment of the polyelectro-
lyte during the elution step. 
From a practical standpoint, the use of polyelectrolytes 
to concentrate viruses from food samples may not be suitable 
on a large scale. It has been shown that there are fairly 
narrow ranges of pH and PE 60 concentration for optimum ad­
sorption from different materials. It would be necessary, 
therefore, to determine optimum adsorption conditions for 
each specific type of food. Also, some of the work involving 
polyelectrolytes reported in the literature has not been re­
producible by other researchers (Dr. D. 0. Cliver, Food Re­
search Institute, University of Wisconsin, Madison. Personal 
Communication. 1974.). 
Adaptation of Plastic Surfaces for Tissue Culture 
by Glow Discharge 
The adaptation of ordinary plastic surfaces for tissue 
culture by glow discharge may represent a major breakthrough 
in tissue culture technology. Chemical methods to adapt 
plastic surfaces, such as sulfuric acid-sodium carbonate 
rinses (61) and alcohol rinses (62), have been described. 
Other studies on the mechanism of cell attachment to surfaces 
have been published (32,45,59); however, I have been unable 
to discover any reports on the use of nonchemical methods of 
adaptation. 
Cells inoculated onto different .types of plastic prod­
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ucts that were treated by glow discharge produced consistent 
growth, equivalent to that of similar products commercially 
prepared for tissue culture. The shape of the materials 
seemed to have little effect on the effectiveness of the glow 
discharge operation. For instance, cell growth at the bottom 
of a microtitration plate well was equivalent to that on a 
more open 100-mm petri plate. The only situation which pro­
duced unacceptable cell growth was that in which the plates 
were treated by glow discharge with their covers closed. 
Growth of several types of cells was slightly less dense on 
plates that were subjected to glow discharge than on plates 
commercially treated for tissue culture; however, the differ­
ences were small enough to have been caused by differences in 
inoculum distribution or overcharging of the plates. Other­
wise, the locations of materials within the bell jar or the 
length of glow discharge treatment did not seem critical. 
These factors suggest that the preparation of tissue culture-
compatible plastic materials by glow discharge need not be an 
exact process, a favorable condition for the use of glow dis­
charge on a large scale. 
The need to have petri plates (and other containers) 
open during the glow discharge operation, along with the re­
turn of air into the bell jar after the operation, would 
necessitate sterilization of the materials after the glow 
discharge operation. Both sterilization by ultraviolet radi­
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ation and by ethylene oxide after treatment of plates by glow 
discharge produced no adverse effects on cell growth. The 
only requirement was that the plates sterilized by ethylene 
oxide had to be held several days to permit adequate dissipa­
tion of the gas. 
One of the more important parameters which determines 
the usefulness of glow discharge is how long the materials 
will remain charged. Cells grown on plates subjected to glow 
discharge 7 months before inoculation were no different than 
those grown on recently-charged plates and commercially-pre­
pared plates. This suggests that treatment by glow discharge 
creates a long lasting, if not permanent, change in the 
treated plates. 
At this point in time, the mechanisms of the effect of 
glow discharge on plastic surfaces can only be speculated on. 
The glow discharge phenomenon consists of the passage of 
electrons between two electrodes through a gas at low pres­
sure. The passage of the electrons through the gas (in this 
case, air) causes ionization of the gas molecules and the 
bluish glow. The physics of glow discharge is discussed by 
Llewellyn-Jones (46b). 
The ionized gas, or plasma, could affect plastic sur­
faces as follows: (a) The stream of electrons in the cham­
ber could impart a negative charge on the polystyrene surface 
which would facilitate cell attachment. The chemical struc­
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ture of polystyrene is fairly simple; however, impurities are 
usually present during the manufacture of polystyrene which 
can be incorporated into the overall structure after polymer­
ization (1). These impurities could hold negative charges 
necessary for cell attachment. This theory is supported by 
Rubin (51) who reported that the negative charge on ordinary 
plastic surfaces is too low to permit cell spreading and that 
their sulfuric acid-sodium carbonate treatment sufficiently 
increased the charge. (b) Like charges could be imparted on 
both the polystyrene and materials loosely attached to it, 
causing the removal of impurities that might interfere with 
cell attachment. The glow discharge attachment on the vacuum 
evaporator was designed to degas the bell jar by removing im­
purities. A recent study using scanning electron microscopy 
(59) suggests that the removal of cells from a surface by 
trypsination is caused by the physical deformation of the 
cells by the trypsin rather than the dissolving of an adhe­
sive substance. The impurities present in untreated polysty­
rene could also cause cell deformation, thus preventing at­
tachment. Therefore, the removal of the impurities would 
allow the cells to attach normally. 
I feel that the usefulness of a glow discharge technique 
for treatment of plastic surfaces has been established. Al­
though more investigation into the possible limitations of 
glow discharge is warranted, this technique, as it now stands. 
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has advantages over chemical techniques and is useful in pro­
viding an emergency source of tissue culture-compatible plas-
ticware. The main limitation is the necessity of having 
available a glow discharge unit-equipped vacuum evaporator 
or similar device. However, evaporators are fairly common 
items, especially in laboratories involved in electron mi­
croscopy. Also, since an extremely high vacuum is not re­
quired, a glow discharge chamber could easily be fabricated 
out of readily-available materials. 
The glow discharge treatment of plastic materials, if 
not secretly used already, may be applicable commercially. 
For commercial application of glow discharge, some modifica­
tion of equipment and technique would be needed, such as 
establishing a large-scale capacity. Nevertheless, glow dis­
charge offers sufficient advantages over chemical techniques 
that its commercial application should be investigated. 
Identification of Viruses 
Microneutralization test 
The microneutralization test appears to be reliable if 
the total amount of serum used in each well can be held to a 
minimum. This is necessary because of the lov; concentration 
of any single antiserum in each pool; 10 or 11 antisera are 
combined into each pool. Suspensions of the cells in straight 
diluent or standard medium without serum, instead of the 
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standard medium with serum that had been inactivated, would 
probably decrease the abnormal cell growth in the wells con­
taining concentrated antiserum. 
Agar diffusion lEM tests 
The serum-in-agar diffusion method of immuno-electron 
microscopy (3), had it worked properly, would have permitted 
rapid and convenient lEM identification because no centrifu-
gation step is involved and serum-in-agar mixtures can be 
prepared in advance and stored until used. I experienced 
much difficulty in adapting the serum-in-agar test because of 
ambiguities in the description of the procedure (3), For 
instance, no details were given on whether the drop of virus 
suspension placed on the grid was supposed to directly con­
tact agar, or if antibody diffusion took place solely 
through the Formvar membrane. Evidently, proper antibody 
diffusion did not take place because few aggregates were ob­
served, even when Formvar membranes were deliberately treated 
to produce minute perforations. The titer of my test virus 
6 
was 6 X 10 pfu/ml; the authors claimed positive identifica-
4 S tion of Coxsackie B5 at a titer of 10 * TCD-». 50 
Direct lET-i tests 
Cross reactions between several enteroviruses and heter­
ologous antisera have been reported (7), both in IBM and con­
ventional neutralization tests. In the present study, the 
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combining of 10 or 11 antisera into each typing pool in­
creased the amount of cross reactions to a point where rela­
tive numbers of viral aggregates must be counted to posi­
tively identify certain viruses. The largest amount of cross 
reaction was observed in the example given in Table 4, 
Otherwise, cross reactions rarely exceeded 30% of the lowest 
average count for a sample containing homologous antibodies. 
However, the necessity of counting relative numbers of aggre­
gates added significantly to the time consumed for each iden­
tification. The number of aggregates in cross-reacting sam­
ples, as well as in the controls, could possibly be reduced 
by processing the samples only at room temperature. Smith 
and Helnick (68) reported that prolonged storage at 4 C or 
repeated freezing-thawing of polioyirus resulted in aggrega­
tion. In my work, however, there were no significant reduc­
tions in cross-reacting or control counts in samples proc­
essed and stored only at room temperature. 
The use of high-magnification observation of viral ag­
gregates to distinguish between nonspecific aggregation and 
viruses aggregated by antibody has been proposed (2). Fig. 
12 shows such an example. Here, structures which could be 
antibody molecules can be seen linking some of the virus 
particles. This would identify this aggregate as being 
formed by an immunological reaction. Absence of connecting 
structures would indicate that an aggregation was caused by 
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something else. Successful use of this technique, at least 
theoretically, would eliminate the need for a quantitative 
examination and shorten examination time. However, as shown 
in Fig. 13, this would generally not be possible with the 
pooled antisera, because the large amount of background de­
bris would obscure fine detail of many viral aggregates. 
Food Virus Recovery 
For the determination of the amount of virus recovered 
from the ground beef samples, the 3 viruses were combined 
into one stock and then this stock was titrated. The numbers 
of viruses recovered from each of the beef samples (as deter­
mined by plaque assay) were then compared to the stock titer. 
By this method, viral recoveries ranged from 80 to 92%, No 
attempt was made to determine the per cent recovery of each 
type of virus separately. 
Since 7 virus samples isolated from the ground beef were 
each identified as Coxsackie A9, this virus was evidently 
present in greater quantities than the other 2 viruses. The 
other 2 viruses may not have been detected because they could 
have been combined into the input stock, in uneven amounts. 
This could have been caused by pipetting error or, more 
likely, miscalculation of one or more of the individual viral 
titers before combination into the stock. 
The recovery of 80 to 92% of the input virus using the 
direct recovery (as opposed to concentration) method was con­
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sistent with other reports. Konowalchuk and Speirs (44) re­
covered 30 to 80% of their input virus by a similar procedure. 
Sullivan et al. (70) recovered an average of 75% of their in­
put virus, and Tierney et al. (72) recovered 20 to 50% of 
virus seeded into ground beef samples. However, most of 
these experiments involved unrealistically high amounts of 
viruses inoculated into the samples. Satisfactory recovery 
of small amounts of viruses intentionally inoculated into 
ground beef samples by direct testing methods has not been 
demonstrated. The failure to detect any viruses in the con­
trol beef and ravioli samples supports this, although those 
samples might all have been devoid of viruses. However, 
Sullivan et al. (70) isolated several enteroviruses from 3 
out of 12 beef samples by means of their direct procedure. 
General Conclusions 
One of the goals of this dissertation was to evaluate 
the practical aspects of the use of lEI-l to identify food vi­
rus isolates. The primary advantage of lEH is the saving of 
up to 10 days that one would have to wait for the results of 
conventional neutralization tests. Once an isolate has been 
propagated to produce enough virus particles to use for an 
lEI-l test, a complete lET'l identification can be accomplished 
in about 4 to 5 h. A serious disadvantage of the lEM proce­
dure is the amount of manpower that must be consumed if more 
than a few samples are to be run. For the sample preparation 
99b 
step, several samples can be run in a centrifuge rotor at a 
time; however, the grids must be examined individually. In 
my case, after some practice, 8 grids could be inspected on 
the electron microscope and the aggregates counted in about 
an hour. Most of this time was consumed in exchanging the 
grids in the electron microscope because only one grid could 
be placed in the microscope at a time; for each grid, the 
specimen chamber had to be forepumped and the filament slowly 
reheated to emit electrons. However, most newer models of 
electron microscopes can be equipped, with multiple grid 
stages in which 6 to 12 grids can be placed and examined at a 
time. Thus, a considerable amount of time would be saved and 
filament life would be extended. Another limitation is the 
human operator. I found that 1 could only examine 3 samples 
(24 grids) in one afternoon's time before getting eye strain. 
However, computerized automatic image analysis equipment is 
available (although very expensive) that could possibly be 
programmed to recognize and count viral aggregates. Despite 
these limitations, IEI4 would be useful in routine food virus 
analyses in which low numbers of enteroviruses are isolated. 
Finally, it is highly likely that the study of viruses 
in foods will gain in importance. This will necessitate 
advances in all aspects of food and virology technology in 
order to facilitate rapid detection and identification of 
food viruses. It is hoped that the usefulness of the immuno-
99c 
electron microscopy technique as described in this disserta­
tion has contributed to such an advance. 
100 
LITERATURE CITED 
Albright, L, P. 1974. Processes for major addition-
type • plastics and their monomers. McGraw-Hill, New 
York, N.Y. 385 pp. 
Almeida, J. D., and A. P. Waterson. 1959. The mor­
phology of virus-antibody interaction. Advan. Virus 
Res. 15:307-339. 
Anderson, N., and F. W. Doane. 1973. Specific identi­
fication of enteroviruses by immuno-electron microscopy 
using a serum-in-agar diffusion method. Can. J. Micro­
biol. 19:585-589. 
Anderson, T. F., N. Yamamoto, and K. Hummeler. 1951. 
Specific agglutination of phages and polio virus by 
antibody molecules as seen in the electron microscope. 
J. Appl. Phys. 32:1639. 
Berge, T. 0., and D. A. Stevens, eds. 1971. Catalogue 
of viruses rickettsiae chlamydiae. American Type Cul­
ture Collection, Rockville, Md. 149 pp. 
Best, J. M., J. E. Banatvala, J. D. Almeida, and A. P. 
Waterson. 1967. Morphological characteristics of 
rubella virus. Lancet 2:237-239. 
Chaudhary, R. K., D. A. Kennedy, and J. C. N. Westv/ood. 
1971. Serological cross-reactivity within the picorna-
viruses as studied by electron microscopy. Can. J. 
Microbiol. 17:477-480. 
Chaudhary, R. K., and J. C. N. Westwood. 1972. Use of 
polyelectrolytes and electron microscopy for detection 
of viruses from stool. Appl. Microbiol. 24:270-274. 
Chaudhuri, M., and R. S. Engelbrecht. 1970. Removal of 
viruses from water by chemical coagulation and floccula-
tion. J. Amer. Water Works Ass. 62:563-567. 
Cliver, D. 0. 1966. Implications of foodborne infec­
tious hepatitis. U. S. Publ. Health Rep. 81:159-165. 
Cliver, D. 0. 1967. Food-associated viruses. Health 
Lab. Sci. 4:213-221. 
Cliver, D. 0. 1968. Virus interactions with membrane 
filters. Biotechnol. Bioeng. 10:877-889. 
101 
13. Cliver, D. 0. 1971. Transmission of viruses through 
foods. Crit. Rev. Envir. Control 1:551-579. 
14. Cliver, D. 0. 1973. Cheddar cheese as a vehicle for 
viruses. J. Dairy Sci. 56:1329-1331. 
15. Cliver, D. 0., and J. Grindrod. 1969. Surveillance 
methods for viruses in foods. J. Milk Food Techno1. 
32:421-425. 
16. Cliver, D. 0., and J. Yeatman. 1965. Ultracentrifuga-
tion in the concentration and detection of enteroviruses. 
Appl. Microbiol. 13:387-392. 
17. Cookson, J. T. 1974. The chemistry of virus concentra­
tion by chemical methods. Devel. Ind. Microbiol. 15: 
160-173. 
18. DiGirolamo, R., and M. Daley. 1973. Recovery of bacte­
riophage from contaminated chilled and frozen samples of 
edible west coast crabs. Appl. Microbiol. 25:1020-1022. 
19. DiGirolamo, R., L. Wiczynski, M. Daley, and F. Miranda. 
1972. Preliminary observations on the uptake of polio-
virus by west coast shore crabs. Appl. Microbiol. 23: 
170-171. 
20. Doane, F. W., M. Anderson, J. Chao, and A. Noonan. 1974. 
Two-hour embedding procedure for intracellular detection 
of viruses by electron microscopy. Appl. Microbiol. 
27:407-410. 
21. Dulbecco, R., and M. Vogt. 1954. Plaque formation and 
isolation of pure lines with poliomyelitis viruses. J. 
Exp. Med. 99:167-182. 
22. England, B. 1974. Recovery of viruses from waste and 
other waters by chemical methods. Devel. Ind. Micro­
biol. 15:174-183. 
23. Farrar, L., and H. G. Hedrick. 1973. Recovery of en­
teric viruses from sewage effluent by polyolcctrolyte 
adsorption. Devel. Ind. Microbiol. 14:376-384. 
24. Feinstone, S. M., A. Z. Kapikian, and R. H. Purcell. 
1973. Hepatitis A: detection by immune electron mi­
croscopy of a viruslike antigen associated with acute 
illness. Science 182:1026-1028. 
102 
25. Gardner, S. D., A. M. Field, D. V. Coleman, and B, 
Hulme. 1971. New human papovavirus (B. K.) isolated 
from urine after renal transplantation. Lancet 2:1253-
1257. 
26. Goodwin, M. H., G. J. Love, D. C. Hackel, K. R. Berquist, 
and R. S. Ganelin. 1967. Observations on the associa­
tion of enteric viruses and bacteria with diarrhea. Am. 
J. Tropical Med. Hyg. 15:178-185. 
27. Grinstein, S., J. L. Melnick, and C. Wallis. 1970. 
Virus isolations from sewage and from a stream receiving 
effluents of sewage treatment plants. Bull. Wld. Health 
Org. 42:291-296. 
28. Hahn, R. G., J. B. Hatlen, and G. E. Kenny. 1970. 
Comparative poliovirus permeability of silver, polycar­
bonate, and cellulose membrane filters. Appl. Micro­
biol. 19:317-320. 
29. Herrmann, J. E., and D. 0. Cliver. 1968. Food-borne 
virus: detection in a model system. Appl. Microbiol. 
16:595-602. 
30. Herrmann, J. E., and D. 0. Cliver. 1968. Methods for 
detecting food-borne enteroviruses. Appl. Microbiol. 
16:1564-1569. 
31. Jay, J. M. 1970. Modern food microbiology. Van 
Nostrand Reinhold, New York, N.Y. 328 pp. 
32. Jensen, M. D., D. F. H. Wallach, and P. S. Lin. 1974. 
Comparative growth characteristics, of VERO cells on gas-
permeable and conventional supports. Exp. Cell Res. 84: 
271-281. 
33. Johnson, J. H., J. E. Fields, and W. A. Darlington. 
1967. Removing viruses from water by polyelectrolytes. 
Nature 213:665-667. 
34. Kalter, S. S. 1970. Enteroviruses. Pages 533-537 
J. E. Blair, E. H. Lennette, and J, P. Truant, eds. 
Manual of clinical microbiology. American Society for 
Microbiology, Bethesda, Md. 
35. Kapikian, A. Z., J. D. Almeida, and E. J. Stott. 1972. 
Immune electron microscopy of rhinoviruses. J. Virol. 
10:142-146. 
103 
36o Kapikian, A. Z., H. D. James, Jr., S. J. Kelly, and A. 
L. Vaughn. 1973. Detection of coronavirus strain 692 
by immune electron microscopy. Infect. Immunity 7:111-
116. 
37. Kapikian, A. Z., R. G. Wyatt, R. Dolin, T. S. Thornhill, 
A. R. Kalica, and R. M. Chanock. 1972. Visualization 
by immune electron microscopy of a 27-nm particle asso- . 
ciated with acute infectious nonbacterial gastroenteri­
tis. J. Virol. 10:1075-1081. 
38. Karber, G. 1931. Beitrag zur kollektiven behandlung 
pharmakologischer reihenversuche. Arch. Exp. Pathol. 
Pharmakol. 162:480-483. 
39. Kater, R. H. H., C. Y. Kim, and C. S. Davidson. 1969. 
Australia antigen and viral hepatitis. J. Inf. Dis. 
120:391-392. 
40. Kedia, A. B., and H. G. Hedrick. 1972. Detection and 
distribution of bacteriophage in sewage liquid waste. 
Devel. Ind. Microbiol. 13:290-295. 
41. Koff, R. S. 1970. Epidemiology of viral hepatitis. 
Grit. Rev. Envir. Control 1:411-420. 
42. Konowalchuk, J., and J. I. Speirs. 1972. Enterovirus 
recovery from laboratory-contaminated samples of shell­
fish. Can. J, Microbiol. 18:1023-1029. 
43. Konowalchuk, J., and J. I. Speirs. 1973. An efficient 
ultrafiltration method for enterovirus recovery from 
ground beef. Can. J. Microbiol. 19:1054-1056. 
44. Konowalchuk, J., and J. I. Speirs. 1974. Detection 
and behavior of enterovirus in experimentally-contami­
nated ground, beef samples. Can. Inst. Food Sci. Tech-
nol. J. 7:2^-24. 
45. Koppel, H., P. VJhur, and N. E. Payne. 1974. Inhibition 
of BHK cell adhesion to plastic tissue culture surfaces 
coated with serum-bound trypsin. Exp. Cell Res. 84:300-
302. 
46a. Lafferty, K. J., and S. J. Oertelis. 1961. Attachment 
of antibody to influenza virus. Nature 192:764-765. 
46b. Llewellyn-Jones, F. 1966. The glow discharge. John 
Wiley and Sons, New York, N.Y. 211 pp. 
104 
47. Lwoff, A,, and P. Tournier. 1971. Remarks on the clas­
sification of viruses. Pages 1-42 K. Maramorosch and 
E, Kurstak, eds. Comparative virology. Academic Press, 
New York, N.Y. 
48. Lynt, R. K., Jr. 1966. Survival and recovery of entero­
virus from foods. Appl. Microbiol. 14:218-222. 
49. Melnick, J. L. 1971. Classification and nomenclature 
of animal viruses, 1971. Prog. Med. Virol. 13:452-484. 
50. Melnick, J. L., V. Rennick, B. Hampil, N. J. Schmidt, 
and H. H. Ho. 1973. Lyophilized combination pools of 
enterovirus equine antisera: preparation and test pro­
cedures for the identification of field strains of 42 
enteroviruses. Bull. Wld. Health Org. 48:253-268. 
51. Melnick, J. L., and H. A. Wenner. 1969. Enteroviruses. 
Pages 529-602 E. H. Lennette and N. J. Schmidt, eds. 
Diagnostic procedures for viral and rickettsial infec­
tions. American Public Health Association, New York, 
N.Y. 
52. Metcalf, T. G., and VI. C. Stiles. 1965. The accumula­
tion of enteric viruses by the oyster, Crassostrea 
virqinica. J. Inf. Dis. 115:68-76. 
53. Meyrick, E. A., and M. S. Smith. 1973. Electron mi­
croscopy in the rapid screening of sera for the presence 
of H.A.A. (hepatitis associated antigen). Med. Lab. 
Technol. 30:391-394. 
54. Mix, T. VJ. 1974. The physical chemistry of membrane-
virus interaction. Devel. Ind. Microbiol. 15:136-142. 
55. Monroe, J. H., and P. M. Brandt. 1970. Rapid semi­
quantitative method for screening large numbers of virus 
samples by negative staining electron microscopy. Appl. 
Microbiol. 20:259-262. 
56. Patterson, W. R., Jr., and S. S. Kalter. 1973. Compar­
ison of two methods for enterovirus detection in pol­
luted streams. Abstr. Ann. Mtg. Amer. Soc. Microbiol. 
P. 28. 
57. Penney, J. B., Jr., L. P. Weiner, R. M. Herndon, 0. 
Narayan, and R. T. Johnson. 1972. Virions from pro­
gressive multifocal leukoencephalopathy: rapid sero­
logical identification by electron microscopy. Science 
178:60-62. 
105 
58. Potter, N. N. 1973. Viruses in foods. J. Milk Food 
Technol. 36:307-310. 
59. Revel, J. P., P. Hoch, and D. Ho. 1974. Adhesion of 
culture cells to their substratum, Exp. Cell. Res. 84: 
207-218. 
60. Rosenbaum, M. J., R. C. Kory, K. A. Siegesmund, H. J. 
Pedersen, E. Jo Sullivan, and R. 0. Peckinpaugh. 1972. 
Electron microscope methods for the identification of 
adenoviruses isolated in micro tissue cultures. - Appl. 
Microbiol. 23:141-144. 
51. Rubin, H. 1966. Altering bacteriological plastic petri 
dishes for tissue culture use. U. S. Publ. Health Rep. 
81:843-844. 
62. Schmidt, N. J. 1969. Tissue culture technics for diag­
nostic virology. Pages 79-178 dm E. H. Lennette and N. 
. J. Schmidt, eds. Diagnostic procedures for viral and 
rickettsial infections. American Public Health Associa­
tion, New York, N.Y. 
63. Seman, G., and C. Seman. 1968. Electronmicroscopic 
search for virus particles in patients with leukemia and 
lymphoma. Cancer 22:1033-1045. 
64. Shannon, J. E., and H. L. Macy, eds. 1972. Registry of 
animal cell lines. American Type Culture Collection, 
Rockville, Md. 153 pp. 
65. Sharp, D. G. 1965. Quantitative use of the electron 
microscope in virus research. Lab. Investigation 14:93-
125. 
66. Slanetz, L. W., C. H. Bartley, and T. G. Metcalf. 1965. 
Correlation of coliform and fecal streptococcal indices 
with the presence of salmonellae and enteric viruses in 
sea water and shellfish. Adv. Water Pollution Res. 3: 
27-41. 
67. Smith, K. O., and M. Benyesh-Melnick. 1961. Particle 
counting of polyoma virus. Proc. Soc. Exp. Biol. Med. 
107:409-413. 
68. Smith, K. 0., and J. L. Melnick. 1962. Electron mi­
croscopic counting of virus particles by sedimentation 
on aluminized grids. J. Immunol. 89:279-284. 
106 
69. Sullivan, R., and R. B. Read, Jr. 1968. Method for 
recovery of viruses from milk and milk products. J. 
Dairy Sci. 51:1748-1751. 
70. Sullivan, R», A. C. Fassolitis, and R. B. Read, Jr. 
1970. Method for isolating viruses from ground beef. 
J. Food Sci. 35:524-526. 
71.. Sweet, B. H., R. D. Ellender, and J. K. L. Leong. 1974. 
Recovery and removal of viruses from water-utilizing 
membrane techniques. Devel. Ind. Microbiol. 15:143-159. 
72. Tierney, J. T., R. Sullivan, E. P. Larkin, and J. T. 
Peeler. 1973. Comparison of methods for the recovery 
of virus inoculated into ground beef. Appl. Microbiol. 
25:497-501. 
73. Wallis, C., and J. L. Melnick. 1967. Concentration of 
viruses from sewage by adsorption on Milliporc mem­
branes. Bull. Wld. Health Org. 36:219-225. 
74. Wallis, Co, and J. L. Melnick. 1967. Concentration of 
enteroviruses on membrane filters. J, Virol. 1:472-477. 
75. Wallis, C., S. Grinstein, J. L. Melnick, and J. E. 
Fields. 1969. Concentration of viruses from sewage and 
excreta on insoluble polyelectrolytes. Appl, Microbiol. 
18:1007-1014. 
76. Wallis, C., A. Homma, and J. L. Melnick. 1972. Concen­
tration and purification of influenza virus on insoluble 
polyelectrolytes. Appl. Microbiol. 23:740-744. 
77. Wallis, C., J. L. Melnick, and J. E. Fields. 1970. 
Detection of viruses in large volumes of natural waters 
by concentration on insoluble polyelectrolytes. Water 
Res- 4:787-796. 
78. Wallis, C., J. L. Melnick, and J. E. Fields. 1971. 
Concentration and purification of viruses by adsorption 
to and elution from insoluble polyelectrolytes. Appl. 
Microbiol. 21:703-709. ' 
79. Zuckerman, A. J. 1972. Hepatitis-associated antigen 
and viruses. American Elsevier, New York, N.Y. 221 pp. 
107 
ACKNOWLEDGMENTS 
I wish to express my sincere gratitude to Dr. Paul A. 
Hartman for his encouragement and assistance during the prep­
aration of this dissertation. Thanks are also extended to 
Mr. Paul Eisner, and to my fellow graduate students for their 
aid and advice. 
This work was supported by grants from the Iowa Agricul­
tural and Home Economics Experiment Station, Ames (projects 
no. 1753 and 2018) and the U. S. Public Health Service (grant 
no. FD 00518). 
